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DESCRIPTION 

GENES AND GENE PRODUCTS RELATED TO WERNER'S SYNDROME 

TECHNICAL FIELD 

The present invention relates generally to Werner's Syndrome and more 
specifically to methods and compositions suitable for use in diagnosis and treatment of 
Werner's Syndrome. 

BACKGROUND OF THE EnVENTIon 

Werner Syndrome (WS) is an autosomal recessive disorder with a 
complex phenotype. The disorder manifests itself in premature occurrence of age- 
related diseases and premature appearance of some of the physical features of normal 
aging. The onset of symptoms usually occurs after adolescence. The disorder 
progresses throughout life and typically patients have a shortened life expectancy with a 
modal age of death at 47. The prevalence of Werner Syndrome is estimated for 
heterozygotes to be 1-5 per 1,000 individuals, and for homozygotes to be 1-22 per 
1,000,000 individuals. 

Clinical symptoms of Werner Syndrome include both a prevalence of 
age-related diseases and physical features of aging. Such diseases include 
arteriosclerosis and heart disease, both benign and malignant neoplasms ( usually 
sarcomas/, diabetes mellitus. osteoporosis, and ocular cataracts. The physical 
appearance of WS patients is often manifest as a short stature, premature graying or loss 
of hair, hypogonadism, altered skin pigmentation, hyperkeratosis, tight skin, bird-like 
facies. cutaneous atrophy, cutaneous leg ulcers, and telangiectasia. Most of these 
diseases and features are present in from 40-90% of WS patients. Diagnosis of WS 
relies mainly upon the appearance of a certain number of these diseases and features 
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In addition to the noted signs and symptoms of aging. Werner Syndrome 
mimics normal aging as evidenced by the replicativc potential of fibroblasts isolated 
from WS subjects. Replication potential of fibroblasts is reduced in these patients 
compared to fibroblasts isolated from age-matched controls, and is comparable to the 
replicative potential of fibroblasts taken from elderly subjects. Moreover, an increased 
mutation rate has been described in WS patients. Such abnormality is manifest as 
chromosomal instability, such as inversions, reciprocal translocations, deletions, and 
pseudodipioidy, and as increased mutation rate at the hypoxanthine phosphoribosyl 
transferase (HPRT) gene. 

Weruci Syndrome has been recognized as an autosomal recessive 
disorder Goto et al. (Goto et aL, Nature 3.55:735-738, 1992) mapped the WS gene onto 
the short arm of chromosome 8, using 21 affected Japanese families. The gene is 
located between marker D8S87 and ankyrin (ANK1). More recently, more refined 
mapping has pinpointed the WS gene to a region between marker D8S131 and D8S87, 
an 8.3 cM interval. Identification of the gene and gene product should add considerably 
to understanding the basis of Werner Syndrome and enable biochemical and genetic 
approaches to diagnosis and treatment. 

The present invention provides a novel, previously unidentified gene for 
Werner Syndrome and compositions for diagnosis and treatment of WS, and further 
provides other related advantages. 

SUMMARY OF THE INVENTION 

Briefly stated, the present invention provides isolated nucleic acid 
molecules encoding the WRN gene, as well as portions thereof, representative of which 
are provided in the Figures. The protein which is encoded by the WRN gene is referred 
to hereinafter as the "WTIN protein". Within other embodiments, nucleic acid 
molecules are provided which encode a mutant W~RN gene product that increases the 
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Within other aspects of the present invention, isolated nucleic acid 
molecules are provided, selected from the group consisting of (a) an isolated nucleic 
acid molecule as set forth in the Figures, or complementary sequence thereof, (b) an 
isolated nucleic acid molecule that specifically hybridizes to the nucleic acid molecule 
5 of (a) under conditions of high stringency, and (c) an isolated nucleic acid that encodes 
a WRN gene product (WRN protein). As utilized herein, it should be understood that a 
nucleic acid molecule hybridizes "specifically" to an WRN gene (or related sequence) if 
it hybridizes detectably to such a sequence, but does not significantly or detectably 
hybridize to the Bloom's Syndrome gene (Ellis et al.. Cell 55:655-666, 1995 ). 

10 Within other aspects, expression veciors are provided comprising a 

promoter operably linked to one of the nucleic acid molecule described above. 
Representative examples of suitable promoters include tissue-specific promoters, as 
well as promoters such as the CMV I-E promoter, SV40 early promoter and MuLV 
LTR. Within related aspects, viral vectors are provided that are capable of directing the 

15 expression of a nucleic acid molecule as described above. Representative examples of 
such viral vectors include herpes simplex viral vectors, adenoviral vectors, adenovirus- 
associated viral vectors and retroviral vectors. Also provided are host cells (e.g. , 
human, dog, monkey, rat or mouse cells) which carry the above-described vectors. 

Within other aspects of the present invention, isolated proteins or 

20 polypeptides are provided comprising a WRN gene product, as well as peptides of 
greater than 12, 13 or 20 amino acids. Within another embodiment, the protein is a 
mutant W*RN gene product that increases the probability of Werner's Syndrome. 

Within yet another aspect of the present invention, methods of treating or 
preventing Werner's Syndrome are provided (as well as for related diseases which are 

25 discussed in more detail below), comprising the step of administering to a patient a 
vector containing or expressing a nucleic acid molecule as described above, thereby 
reducing the likelihood or delaying the onset of Werner's Syndrome (or the reiated 



:.iUiiii.>ic:i:iL: a [mix*:*: a pu'tcm described ano\c. tnerer> reducing tnc IikcIi hood 
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or delaying the onset of Werner's Syndrome (or a related disease ) in the patient. Within 
certain embodiments, the above methods may be accomplished by in vivo 
administration. 

Also provided by the present invention are pharmaceutical compositions 
5 comprising a nucleic acid molecule, vector, host cell, protein, or antibody as described 
above, along with a pharmaceutical^ acceptable carrier or diluent. 

Within other aspects of the present invention, antibodies are provided 
which specifically bind to an WRN protein or to unique peptides derived therefrom. As 
utilized herein, it should be understood thai an aniibody is specific tor an WRN protein 
IU (or peptide) if it binds detectably, and with a of 10 _7 M or less (e.g.. 10~ 8 M. K)~ 9 M, 
etc.). but does not bind detectably (or with an affinity of greater than 10" 7 M. (e.g., 
10~6m, lO'^M, etc.) to an unrelated helicase (e g., the Bloom's Syndrome gene, supra). 
Also provided are hybridomas which are capable of producing such antibodies. 

Within other aspects of the present invention, nucleic acid probes are 
1 5 provided which are capable of specifically hybridizing (as defined below) to an WRN 
gene under conditions of high stringency. Within one related aspect, such probes 
comprise at least a portion of the nucleotide sequence shown in the Figures, or its 
complementary sequence, the probe being capable of specifically hybridizing to a 
mutant WTIN gene under conditions of high stringency. Representative probes of the 
20 present invention are generally at least 12 nucleotide bases in length, although they may 
be 14, 16, 18 bases or longer. Also provided are primer pairs capable of specifically 
amplifying all or a portion of any of the nucleic acid molecules disclosed herein. 

Within other aspects of the invention, methods are provided for 
diagnosing a patient having an increased likelihood of contracting Werner's Syndrome 
25 (or a related disease), comprising the steps of (a) obtaining from a patient a biological 
sample containing nucleic acid, (b) incubating the nucleic acid with a probe which is 
capable of specifically- hybridizinc to a mutant WRN yen? nrd^ ^ n HM ; or ■ - J 

; <i o:' contracting Werner s Syndrome (or a related disease i. Within another aspect. 
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methods are provided comprising the steps of (a) obtaining from a patient a biological 
sample containing nucleic acid, (b) amplifying a selected nucleic acid sequence 
associated with a mutant WRN gene, and (c) detecting the presence of an amplified 
nucleic acid sequence, and thereby determining that the patient has an increased 
5 likelihood of contracting Werner's Syndrome (or a related disease). Suitable biological 
samples include nucleated cells obtained from the peripheral blood, from buccal swabs, 
or brain tissue. 

Within another aspect, peptide vaccines are provided which comprise a 
portion of a mutant WRN eene product rnnratnincr n mutation in ,-^™k; n^tiA^ »,;*u ^ 

<— ' J - . — * * - — »—»-•> ^ » . , in WMJUlllUHVll VViLll CI 

( o pharmaceutical^ acceptable carrier or diluent. 

Within yet another aspect, transgenic animals are provided whose germ 
cells and somatic cells contain a WRN gene (or lack thereof, i.e.. a "knockout") which is 
operably linked to a promoter effective for the expression of the gene, the gene being 
introduced into the animal, or an ancestor of the animal, at an embryonic stage. W r ithin 

I S nnp PmhnHimpnt the* inirrnl i <• o A ti : _ t i- . 1 

v.iw oi.iiimi *^ «. mv^uo^, iul ui uu^, w luiiu ouier cmoouimenLS. tne 

WRN gene is expressed from a vector as described above. Within yet another 
embodiment, the WRN gene encodes a mutant WRN gene product. 

These and other aspects of the present invention will become evident 
upon reference to the following detailed description and attached drawings. In addition. 
20 various references are set forth herein which describe in more detail certain procedures 
or compositions (eg, plasmids, etc.), and are therefore incorporated by reference in 
their entirety. 

BRIEF DESCRIPTION OF THE DRAWINGS AND SEQUENCE LISTING 
- 5 Figure l is a genetic and physical map of the WRN region. The genetic 

map (A) of the region is sex-equal with distances given in c\4. The polymorphic loci 
used (B) are di-nuclcotide and tri-nuclcotide repeat STRP loci The phvsical map 

2__Vv 3Xvv 2I3t>, and / l 0 '. . Marker order was determine,! from the seqwence-tauged 
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site (STS) content of YACs, PI clones, and cosmid clones and from genomic DNA 
sequence from PI clones. The YACs presented (D) represent the minimal tiling and are 
the YACs used for cDNA selection experiments. The PI and cosmid clones needed for 
the minimum tiling path arc shown (E). Clones shown are PI clones except for 8C1 1, 
which is a cosmid clone. Clone order was established by STS content. 

Figures 2A and 2B are the DNA (SEQ ID No. 70) and predicted amino 
acid (SEQ ID No. 7 1 ) sequences of the WRN gene transcript. The one-letter amino acid 
code is used in Fig. 2B. 

Figures 3A-3C are the DNA and predicted amino acid sequence of an 
alternate WRN gene transcript (SEQ ID Nos. 72 and 73), 

Figures 4A-4G are an alignment of the WRN gene product (SEQ ID No. 
74) with known hehcases from S. pombe (SEQ ID No. 76), E. colt (SEQ ID No. 75), 
human (SEQ ID No. 77) and the Bloom's Syndrome gene "BLM" (SEQ ID No. 78). 

Figures 5A-5U are the genomic DNA sequence of the region containing 
a WRN gene (SEQ ID No. 79). 

Figure 6 presents a cDNA sequence of the mouse WKN gene (SEQ ID 
Nos. 205 and 206). 

Figure 7 is a genomic DNA sequence of the mouse WRN gene (SEQ ID 

Nos. 207-209). 

Figure 8 is a diagram of the WRN gene product with location of 
mutations. A, WRN cDNA. Numbering across the top refers to the cDNA sequence as 
numbered in GcnBank L76937. B, Predicted WRN gene product. The hehcase domain 
is designated as "HD'\ motifs from I to VI are indicated. C, Location of mutations. 
Numbering across the bottom refer to the mutations. *: nonsense mutation. A : frame 
shift mutation caused by a single base deletion. Gray lines: frame shift mutations 
causing deletion of exon(s). D, Predicted proteins. Lines represent the different 
Predicted tn 'nerved ^rn^'lr- « - > * *"»- ♦ • »• * ' 1,1 ^ v 

■■■ 'A \ .■:> pr- :Ui;i': r\ v,; ■■rc.-^i::.; .•.nin >m ; ^uii:ii:!l *|\::k*. - u.^.li •. ; aiiL'i b . j.nu 
the size of cells i panel C ) expressing the WRN gene. 
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Figure 10 shows the alignment of the mouse and human WRN gene 

products. 

DETAILED DESCRIPTION OF THE INVENTION 
5 Definitions 

Prior to setting forth the invention in detail, it may be helpful to an 
understanding thereof to set forth definitions of certain terms and to list and to define 
the abbreviations that will be used hereinafter. 

" Genetic marker " is any segment of a chroiiiosonie mat is 
10 distinguishably unique in the genome, and polymorphic in the population so as to 
provide information about the inheritance of linked DNA sequences, genes and/or other 
markers. 

" Vector " refers to an assembly which is capable of directing the 
expression of a WRN gene, as well as any additional sequence(s) or gene(s) of interest. 

1 5 The vector must include transcriptional promoter elements which are ope r ably i inked to 
the genes of interest. The vector may be composed of either deoxyribonucleic acids 
("DNA"), ribonucleic acids ("RNA"), or a combination of the two (e.g , a DNA-RNA 
chimeric). Optionally, the vector may include a polyadenylation sequence, one or more 
restriction sites, as well as one or more selectable markers such as neomycin 

20 phosphotransferase or hygromycin phosphotransferase. Additionally, depending on the 
host cell chosen and the vector employed, other genetic elements such as an origin of 
replication, additional nucleic acid restriction sites, enhancers, sequences conferring 
inducibility of transcription, and selectable markers, may also be incorporated into the 
vectors described herein. 

25 Abbreviations : YAC, yeast artificial chromosome: EST, expressed 

sequence tag; PCR, polymerase chain reaction; RT-PCR. PCR process in which RNA is 
first transcribed into DNA at the first step using reverse transcriptase (RTY. cDN V anv 

comr^v.uons tor the detection and trea:men; of Werner- s ^wuirome. ;o- wcil ^ related 
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diseases. These methods and compositions include a family of Werner's Syndrome- 
related genes, and the proteins encoded thereby, that have been implicated in the onset 
of Werner's Syndrome. These genes and proteins, including genetic markers, nucleic 
acid sequences and clones, are also useful in the creation of in vitro and animal models 
and screening tests useful for the study of Werner's Syndrome, including the possible 
identification of other genes implicated in Werners Syndrome. The present invention 
also provides vector constructs, genetic markers, nucleic acid sequences, clones, 
diagnostic tests and compositions and methods for the identification of individuals 
likely to suffer from Werner's Syndrome. 

Genes and Gene Products Related To Werner's Syndrome 

The present invention provides isolated nucleic acid molecules 
comprising a portion of the gene which is implicated in the onset of WS. Briefly, as 
can be seen from Figure 4, this gene encodes a protein that is similar in amino acid 
sequence to several known ATP-dependent DNA helicases (enzymes that unwind the 
DNA duplex). It is less similar to known RNA-DNA helicases. Helicases are involved 
in the replication of DNA, often binding the replication origin, and/or the replication 
complex. In addition, the single stranded DNA that is involved in recombination can be 
generated by DNA heiicases. 

Although various aspects of the WRN gene (or portions thereof) are 
shown in the Figures, it should be understood that within the context of the present 
invention, reference to one or more of these genes includes derivatives oi the genes that 
are substantially similar to the genes (and, where appropriate, the proteins (including 
peptides and polypeptides) that are encoded by the genes and their derivatives). As 
used herein, a nucleotide sequence is deemed to be "substantially similar ' if: (a) the 
nucleotide sequence is derived from the coding region of the described genes and 
includes, for example, portions of the sequence or allelic variations of the sequences 

a\ pnu:/^L:ou io n.icleotuie wquences «>i the presen: invenuor. under nigh rr \er\ high 
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stringency {see Sambrook eta:.. Molecular Cloning A Laboratory Manual, 2nd ed.. 
Cold Spring Harbor Laboratory Press, NY, 1989); or (c) the nucleic acid sequences are 
degenerate as a result of the genetic code to the nucleic acid sequences defined in (a) or 
(b). Further, the nucleic acid molecule disclosed herein includes both complementary 1 
5 and non-complcmcntary sequences, provided the sequences otherwise meet the criteria 
set forth herein. Within the context of the present invention, high stringency means 
standard hybridization conditions (e.g., 5x SSPE. 0.5% SDS at 65°C or the equivalent) 
while very high stringency means conditions of hybridization such that the nucleotide 
sequence is able to selectively hybridize to a single allele of the WS-related gene 

10 The WRN gene \rmy be isoiated from genomic DNA or cDNA. 

Genomic DNA libraries constructed in chromosomal vectors, such as YACs (yeast 
artificial chromosomes), bacteriophage vectors, such as A.EMBL3, AgtlO, cosmids. or 
plasmids are suitable for use. cDNA libraries constructed in bacteriophage vectors, 
plasmids. or others, are suitable for screening. Such libraries may be constructed using 

15 methods and techniques known in the art (see Sambrook et a!.. Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor Press, 1989) or purchased from commercial 
sources (e.g., Clontech, Palo Alto, CA). Within one embodiment, the WRN gene is 
isolated by PCR performed on genomic DNA, cDNA or DNA from libraries, or is 
isolated by probe hybridization of genomic DNA or cDNA libraries. Primers for PCR 

20 and probes for hybridization screening may be designed based on the DNA sequence of 
WRN presented herein. The DNA sequence of a portion of the WRN gene and the 
entire coding sequence is presented in the Figures. Primers for PCR should be derived 
from sequences in the 5' and 3' untranslated region in order to isolate a full-length 
cDNA. The primers should not have self-complementary sequences nor have 

25 complementary sequences at their 3' end (to prevent pnmer-dimer formation) 
Preferably, the primers have a GC content of about 50% and contain restriction sites 
The primers are annealed to cDNA and sufficient cycles of PCR are performed to yield 



s y 'p.tL jL'Jm. . \k < :i; -nuc i ev >: ice n ;. ^ndi /.j'.u n prone suitable tor screening genomic or 
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cDNA libraries may be designed based on the sequence provided herein. Preferably, 
the oligonucleotide is 20-30 bases long. Such an oligonucleotide may be synthesized 
by automated synthesis. The oligonucleotide may be conveniently labeled at the 5' end 
with a reporter molecule, such as a radionuclide, (e.g., 32p) or biotin. The library is 
5 plated as colonies or phage, depending upon the vector, and the recombinant DNA is 
transferred to nylon or nitrocellulose membranes. Following denaturation, 
neutralization, and fixation of the DNA to the membrane, the membranes are hybridized 
with the labeled probe. The membranes are washed and the reporter molecule detected. 
The hybridizing colonies or phage are isolated and propagated. Candidate cioncs or 
10 FCR amplified fragments may be verified as containing WRN DNA by any of various 
means. For example, the candidate clones may be hybridized with a second, 
nonoverlapping probe or subjected to DNA sequence analysis. In these ways, clones 
containing WRN gene, which are suitable for use in the present invention are isolated. 

The structure of the proteins encoded by the nucleic acid molecules 
1 5 described herein may be predicted from the primary translation products using the 
hydrophobicity plot function of, for example, P/C Gene, Lasergen System, DNA STAR. 
Madison, Wisconsin, or according to the methods described by Kyte and Doolittle (,/ 
Mol Biol 757:105-132. 1982). 

WRN proteins of the present invention may be prepared in the form of 
20 acidic or basic salts, or in neutral form. In addition, individual amino acid residues may 
be modified by oxidation or reduction. Furthermore, various substitutions, deletions, or 
additions may be made to the amino acid or nucleic acid sequences, the net effect ol 
which is to retain or further enhance or decrease the biological activity of the mutant or 
wild-type protein. Moreover, due to degeneracy in the genetic code, for example, there 
25 may be considerable variation in nucleotide sequences encoding the same amino acid 
sequence 

Other derivatives of the WRN proteins disclosed herein include 
- < unich ma\ he added u> facilitate purification or identification ol WRN proteins i\cc 
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U.S. Patent No 4,851,341; see also, Hopp ct aL Biotechnology 6:1204. 1988.) 
Alternatively, fusion proteins such as WRN protein-P-galactosidase or WRN protein- 
luciferase may be constructed in order to assist in the identification, expression, and 
analysis of WRN proteins. 

WRN proteins of the present invention may be constructed using a wide 
variety of techniques described herein. Further, mutations may be introduced at 
particular loci by synthesizing oligonucleotides containing a mutant sequence, flanked 
by restriction sites enabling ligation to fragments of the native sequence. Following 
ligation, the resulting reconstructed sequence encodes a derivative having the desired 
ammo acid insertion, subMiiuiion. or deletion. 

Alternatively, ohgonucleotide-directed site-specific (or segment specific) 
mutagenesis procedures may be employed to provide an altered gene having particular 
codons altered according to the substitution, deletion, or insertion required. Exemplary 
methods of making the alterations set forth above are disclosed by Walder et al. (Gene 
42:\33. 1986); Bauer et ai. (Gene 37:73. 1985); Craik (BioTechmques. January 1985, 
12-19); Smith etal. (Genetic Engineering Principles and Methods. Plenum Press, 
1981); and Sambrook etal. (supra). Deletion or truncation derivatives of WRN 
proteins (e.g., a soluble extracellular portion) may also be constructed by utilizing 
convenient restriction endonuciease sites adjacent to the desired deletion. Subsequent 
to restriction, overhangs may be filled in, and the DNA religated. Exemplary methods 
of making the alterations set forth above are disclosed by Sambrook etal. (Molecular 
Cloning A Laboratory Manual, 2d Ed.. Cold Spnng Harbor Laboratory Press, 1989). 

Mutations of the present invention preferably preserve the reading frame 
of the coding sequences. Furthermore, the mutations will preferably not create 
complementary regions that could hybridize to produce secondary mRNA structures, 
such as loops or hairpins, that would adversely affect translation of the mRNA. 
Although a mutation site may be predetermined, it is not necessary that the nature of the 

;ar^ci ^>don and the expresses mutants screcncc tor indicative n;oUu T ieui activity 
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Alternatively, mutations may be introduced at particular loci by synthesizing 
oligonucleotides containing a mutant sequence, flanked by restriction sites enabling 
ligation to fragments of the native sequence. Following ligation, the resulting 
reconstructed sequence encodes a derivative having the desired ammo acid insertion. 
5 substitution, or deletion. 

WRN proteins may also be constructed utilizing techniques of PCR 
mutagenesis, chemical mutagenesis (Drinkwater and Klinedinst, PNAS 53:3402-3406, 
1986). by forced nucleotide misincorporation (e.g., Liao and Wise Gene ##:107-1I1, 
1990), or by use of randomly mutagenized oligonucleotides (Horwitz ex a!.. Genome 

10 3:112117. 1989). 

Proteins can be isolated by, among other methods, cultunng suitable host 
and vector systems to produce the recombinant translation products of the present 
invention. Supernates from such cell lines, or protein inclusions or whole cells where 
the protein is not excreted into the supernate, can then be treated by a variety of 

15 purification procedures in order to isolate the desired proteins. For example, the 
supernate may be first concentrated using commercially available protein concentration 
filters, such as an Amicon or Millipore Pellicon ultrafiltration unit. Following 
concentration, the concentrate may be applied to a suitable purification matrix such as. 
for example, an anti-protein antibody bound to a suitable support. Alternatively, anion 

20 or cation exchange resins may be employed in order to purify the protein. As a further 
alternative, one or more reverse-phase high performance liquid chromatography iRP- 
HPLC) steps may be employed to further purify the protein. Other methods of isolating 
the proteins of the present invention are well known in the skill of the art. 

A protein is deemed to be "isolated" within the context of the present 

25 invention if no other (undesired) protein is detected pursuant to sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE) analysis followed by Coomassie blue 
staining. Within other embodiments, the desired protein can be isolated such that no 
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Expression of a WRN gene 

The present invention also provides for the manipulation and expression 
of the above described genes by culturing host cells containing a vector capable of 
expressing the above-described genes. Such vectors or vector constructs include either 
5 synthetic or cDNA-denved nucleic acid molecules encoding WRN proteins, which are 
operablv linked to suitable transcriptional or translational regulatory elements. Suitable 
regulator/ elements may be derived from a variety of sources, including bacterial, 
fungal, viral, mammalian, insect, or plant genes. Selection of appropriate regulatory 
elements is dependent on the host cell chosen, and may be readily accomplished by one 

!0 of ordinary ^kiii in the art. hxamples of regulatory elements include: a transcriptional 
promoter and enhancer or RNA polymerase binding sequence, a transcriptional 
terminator, and a ribosomal binding sequence, including a translation initiation signal. 

Nucleic acid molecules that encode any of the WRN proteins described 
above may be readily expressed by a wide variety of prokaryotic and eukaryotic host 

15 cells, including bacterial, mammalian, yeast or other fungi, viral, insect, or plant cells. 
Methods for transforming or transfecting such cells to express foreign DNA are well 
known in the art (see. e.g., Itakura et al., U.S. Patent No. 4,704,362; Hinnen et al., Proc 
Natl. Acad. Sci. USA 75:1929-1933, 1978; Murray et al., U.S. Patent No. 4,801 ,542; 
Upshali et al., U.S. Patent No. 4,935,349; Hagen et ah, U.S. Patent No. 4.784.950: Axel 

20 etai., U.S. Patent No. 4,399,216; Goeddel etal., U.S. Patent No. 4,766.075; and 
Sambrook et al. Molecular Cloning A Laboratory Manual, 2nd edition. Cold Spring 
Harbor Laboratory Press, 1989; for plant cells see Czako and Marton, Plant Physiol 
/(W: 1067-1 071, 1994; and Paszkowski et al., Biotech. 2-^:387-392. 19921. 

Bacterial host cells suitable for carrying out the present invention include 

25 £. co//, B. subtilis, Salmonella typhimurium, and various species within the genera 
Pseudomonas. Streptomyces* and Staphylococcus, as well as many other bacterial 
species well known to one of ordinary skill in the art Representative e\nmr>!t*<- r 

.... , : : :cr a; . t : : • ,. " «a 

lancnoi,- ;:; tiK* no si cell, one or more selectable phenotypic markers, anc a bacterial 
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origin cf replication. Representative promoters include the P-lactamase (penicillinase) 
and laciose promoter system {see Chang et al., Nature 275:615, 1978), the T7 RNA 
polymerase promoter (Studier et al., Meth Enzymol 755:60-89, 1990), the lambda 
promoter (Elvin et al.. Gene #7:123-126, 1990), the trp promoter (Nichols and 
Yanofsky, Meth in Enzymology 101:155, 1983) and the lac promoter (Russell et al., 
Gene 20: 231, 1982). Representative selectable markers include various antibiotic 
resistance markers such as the kanamycin or ampicillin resistance genes. Many 
plasmids suitable for transforming host cells are well known in the art, including among 
others. pBR322 (see Bolivar etal., Gene 2:95, 1977), the pUC piasmids pUC18, 
pUC19. pUCliS, pu'CilV {see Messing, Meth in Enzymology 101:20-71, 19R3 and 
Vieira and Messing, Gene 79:259-268, 1982), and pNH8A. pNH16a, pNH18a. and 
Bluescript Ml 3 (Stratagene, La Jolla, Calif.). 

Yeast and fungi host cells suitable for carrying out the present invention 
include, among others, Saccharomyces pom be, Saccharomyces cerevisiae* the genera 
Pichia or Kluyveromyces and various species of the genus Aspergillus (McKjiight et a! 
U.S. Patent No. 4,935,349). Suitable expression vectors for yeast and fungi include, 
among others, YCp50 (ATCC No. 37419) for yeast, and the amdS cloning vector pV3 
(Turnbull, Bio/Technology 7:169, 1989), YRp7 (Struhl etal., Proc Natl. Acad. Sci. 
USA 76:1035-1039, 1978), YEpl3 (Broach et al.. Gene 8:121-133. 1979), pJDB249 and 
pJDB219 (Beggs, Nature 275:104-108, 1978) and derivatives thereof. 

Preferred promoters for use in yeast include promoters from veast 
glycolytic genes (Hitzeman etal., J Biol Chem 255:12073-12080. 1980; Alber and 
Kawasaki, J. Mul Appi Genet. 7:419-434, 1982) or alcohol dehydrogenase genes 
(Young etal., in Genetic Engineering of Microorganisms for Chemicals. Hollaender 
et al. (eds.), P- 355, Plenum, New York. 1982; Ammerer, Math Enzvmol 70/: 192-201, 
1983). Examples of useful promoters for fungi vectors include those derived from 
Aspergillus nidulans glycolytic genes, such as the adh3 promoter (McKnicht e f a' 
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As with bacterial vectors, the yeast vectors will generally include a 
selectable marker, which may be one of any number of genes that exhibit a dominant 
phenotype for which a phenotypic assay exists to enable trans formants to be selected. 
Preferred selectable markers are those that complement host cell auxotrophy, provide 
5 antibiotic resistance or enable a cell to utilize specific carbon sources, and include leu2 
(Broach et ah, ibid), ura3 (Botstein etaL Gene 8:17. 1979), or his3 (Struhl etal.. 
ibid.). Another suitable selectable marker is the cat gene, which confers 
chloramphenicol resistance on yeast cells. 

Techniques for transforming fungi are well known in the literature, and 

10 hnvc been described, foi instance, by Beggs (ibid.). Hitmen et al. (Proc. Natl. Acad. Sci. 
USA 75:1929-1933, 1978), Yelton etal. (Proc Natl. Acad Sci USA ,V7 : 1 740- 1 747. 
1984). and Russell [Naiure J6>7: 167-1 69, 1983). The genotype of the host cell may 
contain a genetic defect that is complemented by the selectable marker present on the 
expression vector. Choice of a particular host and selectable marker is weli within the 

1 5 level of ordinary skill in the an. 

Protocols for the transformation of yeast arc also well known to those of 
ordinary skill in the an. For example, transformation may be readily accomplished 
either by preparation of spheroplasts of yeast with DNA (see Hinncn et al., PNAS USA 
T 5:1929. 1978) or by treatment with alkaline salts such as LiCl (see Itoh etal.. J 

20 Bacteriology 755:163, 1983). Transformation of fungi may also be carried out using 
polyethylene glycol as described by Cullen et al. (Bio/Technology 5:369, 1987). 

Viral vectors include those which comprise a promoter that directs the 
expression of an isolated nucleic acid molecule that encodes an WRN protein as 
described above. A wide variety of promoters may be utilized within the context of the 

25 present invention, including for example, promoters such as MoMLV LTR. RSV LTR, 
Friend MuLV LTR. adenoviral promoter (Ohno etal.. Science 265: 781-784. 1994). 
neomycin phosphotransferase promoter/enhancer, late parvovirus promoter i'Koerim T 
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preferred embodiments of the invention, the promoter is a tissue-specific promoter (see 
e.g., WO 91/02805; EP 0,415,731; and WO 90/07936) Representative examples of 
suitable tissue specific promoters include neural specific enolase promoter, platelet 
derived growth factor beta promoter, bone morpho-genetie protein promoter, human 
5 alpha 1-chimaerin promoter, synapsin 1 promoter and synapsin II promoter. In addition 
to the above-noted promoters, other viral-specific promoters (e.g., retroviral promoters 
(including those noted above, as well as others such as HIV promoters), hepatitis, 
herpes (e.g., EBV), and bacterial, fungal or parasitic (e.g., malarial) -specific promoters 
may be utilized in order to target n specific cell or tissue which is in fee led with a virus, 
1 0 bacteria, fungus or parasite. 

Thus, WRN proteins of the present invention may be expressed from a 
variety of viral vectors, including for example, herpes viral vectors {e.g., U.S. Patent 
No. 5.288,641), adenoviral vectors {e.g., WO 94/26914, WO 93/9191; Kolls et aL, 
PNAS 97(1):215-219, 1994; Kass-Eisler et aL PNAS 90(24): 1 1 498-502, 1993; Guzman 
15 et al., Circulation #S(6):2838-48, 1993; Guzman et aU Cir. Res ?5<6):1202-1207, 
1993; Zabner et aL, Cell 75(2):207-216, 1993; Li et aL, Hum Gene Ther. ./{4V403-409, 
1993; Caillaud et aL, Eur. J Neurosci. 5(10:1287-1291, 1993; Vincent et aL, Nat 
Genet. 5(2): 130-1 34, 1993; Jaffe et aL, Nat. Genet. 7(5):372-378, 1992; and Levrero et 
al, Gene /0/(2):195-202, 1991), adeno-associated viral vectors (WO 95/13365; Flotte et 
20 aL, PNAS 90(22): 1061 3- 10617, 1993 ), baculovirus vectors, parvovirus vectors (Koering 
et aL, Hum. Gene Therap. 5:457-463, 1994), pox virus vectors (Panicali and Faoletu. 
PNAS ^9:4927-493 L 1982; and Ozaki et aL, Biochem Biophys Res Comm 
/9J(2):653-660, 1993), and retroviruses [eg.. LP 0,415,731; WO 90/07936: WO 
91/0285, WO 94/03622; WO 93/25698; WO 93/25234; U.S. Patent No. 5,219,740; WO 
25 93/11230; W r O 93/10218. Viral vectors may likewise be constructed which contain a 
mixture of different elements (e.g., promoters, envelope sequences and the like ) from 
different viruses, or non-viral sources. Within various embodiments, eithe- the vtra' 
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Mammalian cells suitable for carrying out the present invention include, 
among others: PC 12 (ATCC No. CRL 1721), N1E-I15 neuroblastoma, SK-N-BE(2)C 
neuroblastoma, SHSY5 adrenergic neuroblastoma, NS20Y and NG108-15 munne 
cholinergic cell lines, or rat F2 dorsal root ganglion line, COS (e.g., ATCC No. CRL 
5 1650 or 1651), BHK (e.g., ATCC No. CRL 6281; BHK 570 cell line (deposited with 
the American Type Culture Collection under accession number CRL 10314). CHO 
(ATCC No. CCL 61). HeLa {e.g., ATCC No. CCL 2), 293 (ATCC No. 1573; Graham 
eta!.. ./ Gen. Virol J6:59-72, 1977) and NS-1 cells. Other mammalian cell lines may 
be used within the present invention, including Rat Hep I (ATCC No. CRL 1600), Rat 

10 Hep II (ATCC No. CRL 1548), TCMK (ATCC No. CCL 139), Human lung (ATCC 
No. CCL 75.1), Human hepatoma (ATCC No. HTB-52), Hep G2 (ATCC No. HB 
8065), Mouse liver ( ATCC No. CCL 29.1), NCTC 1469 (ATCC No. CCL 9.1). SP2/0- 
Agl4 (ATCC No. 1581), HIT-T15 (ATCC No. CRL 1777), and RINm 5AHT 2 B 
(Orskov and Nielson, FEES 229(1): 1 75-1 78, 1988). 

1 5 Mammalian expression vectors for use in carrying out the present 

invention will include a promoter capable of directing the transcription of a cloned gene 
or cDNA. Preferred promoters include viral promoters and cellular promoters. Viral 
promoters include the cytomegalovirus immediate early promoter (Boshart et al.. Cell 
77:521-530, 1 985), cytomegalovirus immediate late promoter. SV40 promoter 

20 (Subramani et al., Mol Cell. Biol. 7:854-864. 1981), MMTV LTR. RSV LTR, 
metallothionein-1. adenovirus El a. Cellular promoters include the mouse 
metallothioncin-1 promoter (Palmiter et al.. U.S. Patent No. 4.579.821), a mouse V K 
promoter (Bergman etal., Proc Natl. Acad Sci USA 57:7041-7045. 1983: Grant eta!., 
Nucl. Acids Res. 75:5496. 1987) and a mouse Vh promoter (Loh et al.. Cell ii:85-93, 

25 1983). The choice of promoter will depend, at least in part, upon the level of expression 
desired or the recipient cell line to be transfected. 

Such expression vectors may also contain a set of RNA splice sites 

adenovirus and. or immunoglobulin genes. /Vise contained in the expression vectors is a 
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polyadenylation signal located downstream of the coding sequence of interest. Suitable 
polyadenyiation signals include the early or late polyadenylation signals from SV40 
(Kaufman and Sharp, ibid.), the polyadenylation signal from the Adenovirus 5 E1B 
region and the human growth hormone gene terminator (DeNoto et al., Nuc. Acids Res. 
5 9:3719-3730, 1981). The expression vectors may include a noncoding viral leader 
sequence, such as the Adenovirus 2 tripartite leader, located between the promoter and 
the RNA splice sites. Preferred vectors may also include enhancer sequences, such as 
the SV40 enhancer. Expression vectors may also include sequences encoding the 
adenovirus VA RNAs Suitable expression vectors can be obtained num commercial 
10 sources (e.g. , Stratagene, La Jolla. Calif.). 

Vector constructs comprising cloned DNA sequences can be introduced 
into cultured mammalian cells by. for example, calcium phosphate-mediated 
transfection (Wigler et al., Cell 14:125, 1978; Corsaro and Pearson, Somatic Cell 
Genetics 7:603, 1981; Graham and Van der Eb, Virology 32:456, 1973), electroporation 
!5 (Neumann etal., EMBO J. /:841-845, 1982), or DEAE-dcxtran mediated translection 
(Ausubel et al. (eds.). Current Protocols in Molecular Biology, John Wiley and Sons, 
Inc., NY, 1987). To identify cells that have stably integrated the cloned DNA, a 
selectable marker is generally introduced into the cells along with the gene or cDNA of 
interest. Preferred selectable markers for use in cultured mammalian cells include genes 
20 that confer resistance to drugs, such as neomycin, hygromycin, and methotrexate. The 
selectable marker may be an amplifiable selectable marker Preferred amplifiable 
selectable markers are the DHFR gene and the neomycin resistance gene. Selectable 
markers arc reviewed by Thilly {Mammalian Cell Technology. Butterworth Publishers. 
Stoneham, MA, which is incorporated herein by reference). 
25 Mammalian cells containing a suitable vector are allowed to grow tor a 

period of time, typically 1-2 days, to begin expressing the DNA sequencers) of interest 
Drug selection is then applied to select for growth of ceils that are expressing the 

^) manner to select for increasec copy number of the cloned sequences, t herons increasing 
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expression levels. Cells expressing the introduced sequences are selected and screened 
for production of the protein of interest in the desired form or at the desired level Cells 
that satisfy these criteria can then be cloned and scaled up for production. 

Protocols for the transfection of mammalian cells are well known to 
5 those of ordinary skill in the art. Representative methods include calcium phosphate 
mediated transfection, electroporation. lipofection, retroviral, adenoviral and protoplast 
fusion-mediated transfection (see Sam brook et aL. supra). Naked vector constructs can 
also be taken up by muscular cells or other suitable cells subsequent to injection into the 
muscle of a mammal (or other animals). 

10 Numerous insect host cells known in the art can also be useful within the 

present invention, in light of the subject specification. For example, the use of 
baculoviruses as vectors for expressing heterologous DNA sequences in insect cells has 
been reviewed by Atkinson etal. (Pestic. Sci. 25:215-224,1990). 

Numerous plant host cells known in the art can also be useful within the 

15 present invention, in light of the subject specification. For example, the use of 
Agrobacterium rhizogenes as vectors for expressing genes in plant cells has been 
reviewed by Sinkar et aL, (J. BioscL (Bangalore) //:47-58, 1987). 

WRN proteins may be prepared by growing (typically by cultunng) the 
host/vector systems described above, in order to express the recombinant WRN 

20 proteins. Recombinantly produced WRN proteins may be further purified as described 
in more detail below. 

Within related aspects of the present invention. WRN proteins may be 
expressed in a transgenic animal whose germ cells and somatic cells contain a WRN 
gene which is operably linked to a promoter effective for the expression of the gene 

25 Alternatively, in a similar manner transgenic animals may be prepared that lack the 
WRN gene (e.g., "knockout" mice). Such transgenics may be prepared in a variety non- 
human animals, including mice, rats, rabbits, sheep, docs, goats and pigs isee Hammer 



WO 97/24435 



PCTYUS96/20785 



20 

^7:343-345, 1985 and U.S. Patent Nos. 5,175.383, 5,087.571, 4,736.866, 5.387,742. 
5,347,075. 5,221,778, and 5,175.384). 

Briefly, an expression vector, including a nucleic acid molecule to be 
expressed together with appropriately positioned expression control sequences, is 
introduced into pronuclei of fertilized eggs, for example, by microinjection. Integration 
of the injected DNA is detected by blot analysis of DNA from tissue samples. It is 
preferred that the introduced DNA be incorporated into the germ line of the animal so 
that it is passed on to the animal's progeny. Tissue-specific expression may be achieved 
through the use of a tissue-specific promoter, or through the use of an inducible 
promoter, such as ihe metaiiothionein gene promoter (Palrniter et al.. 1983, ibid), which 
allows regulated expression of the transgene. 

Vectors of the present invention may contain or express a wide variety of 
additional nucleic acid molecules in place of or in addition to an WRN protein as 
described above, either from one or several separate promoters. For example, the viral 
vector may express a lyrnphokine or iymphokine receptor, antisense or ribozyme 
sequence or toxins. Representative examples of lyrnphokines include 1L-1, 1L-2. IL-3. 
IL-4, IL-5, IL-6. IL-7. IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, IL-14. IL-15, GM-CSF, 
G-CSF. M-CSF, alpha-interferon, beta-interferon, gamma-interferon, and tumor 
necrosis factors, as well as their respective receptors. Representative examples of 
antisense sequences include antisense sequences which block the expression of WRN 
protein mutants Representative examples of toxins include: ricin. abrin. diphtheria 
toxin, cholera toxin, saponn, gelonin, pokeweed antiviral protein, tnun. Shigella toxin, 
and Pseudomonas exotoxin A. 

Within other aspects of the invention, antisense oligonucleotide 
molecules are provided which specifically inhibit expression of mutant WRN nucleic 
acid sequences (see generally. Hirashima et al in Molecular Biology- of RS'A \e\\ : 
Perspectives (M. Inouye and B. S. Dudock, cds., 1987 Academic Press. San Dieeo. p. 
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molecules are constructed such that they arc complementary to, and able to form 
Watson-Crick base pairs with, a region of transcribed WRN mutant mRNA sequence 
containing an WRN mutation. The resultant double-stranded nucleic acid interferes 
with subsequent processing of the mRNA. thereby preventing protein synthesis 
5 Within other related aspects of the invention, ribozyme molecules are 

provided wherein an antisertse oligonucleotide sequence is incorporated into a ribozyme 
which can specifically cleave mRNA molecules transcribed from a mutant WRN gene 
(see generally, Kim et al. Proc Nat Acad Sci. USA 54:8788 (1987); Haseloff. et al. 
Nature 234:585 (1988), Cech, JAMA 260:3030 (1988); Jeffries, et al. Nucleic Acids Res 

10 77:1371 (1989): US. 5,093,246; U.S. 5,354,855, U.S. 5,144,019; U.S. 5.272,262; U.S. 
5,254.678; arid U.S. 4,987.071). According to this aspect of the invention, the antisense 
sequence which is incorporated into a ribozyme includes a sequence complementary to, 
and able to form Watson-Crick base pairs with, a region of the transcribed mutant WRN 
rnRNA containing an W"RN mutation. The antisense sequence thus becomes a targeting 

15 agent for delivery of catalytic ribozyme activity specifically to mutant WRN rnRNA, 
where such catalytic activity cleaves the mRNA to render it incapable of being 
subsequently processed for WRN protein translation. 

Host Cells 

20 As discussed above, nucleic acid molecules which encode the WTIN 

proteins of the present invention (or the vectors which contain and/or express related 
mutants) may readily be introduced into a wide variety of host cells Representative 
examples of such host cells include plant cells, cukaryotic cells, and prokaryotic cells. 
Within preferred embodiments, the nucleic acid molecules are introduced into cells 

25 from a vertebrate or warm-blooded animal, such as a human, macaque, dog, cow. horse, 
pig, sheep, rat, hamster, mouse or fish cell, or any hybrid thereof. 

Preferred prokaryotic host cells for use within the present invention 

- m - • ^ - - : tica : r.e:e:n c vv ei . know n in \rx an i sec. l ^ . Mantatib et a I.. \U <iccuu:r 
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Cloning A Laboratory Manual, Cold Spring Harbor Laboratory, 1982. which is 
incorporated herein by reference; or Sambrook etal., supra). Vectors used for 
expressing cloned DNA sequences in bacterial hosts will generally contain a selectable 
marker, such as a gene for antibiotic resistance, and a promoter that functions in the 
5 host ceil. Appropriate promoters include the trp (Nichols and Yanofsky. Meth. 
Enzymol /C7 : 155-164, 1983), lac (Casadaban et ah, J. Bactehol 7^:971-980. 1980), 
and phage K (Queen. J. Mol. Appi Genet. 2:1-10, 1983) promoter systems. Plasmids 
useful for transforming bacteria include the pUC plasmids (Messing, Meth Enzymol 
707:20-78. 1983: V i e ira anH Mp^ino ria^n /oo<o i^e too->> „Dmn /r»-i:.._ . i 

u j s .^^ y i.vu, i / U^. pui\J^_ ( OVJll \ <X\ CI ai.. 

M) Gene 2:95-1 13, 1977), pCQV2 (Queen, ibidX and derivatives thereof. Plasmids may 
contain both virai and bacterial elements. 

Preferred eukaryotic cells include cultured mammalian cell lines (e.g., 
rodent or human cell lines) and fungal cells, including species of yeast (e.g.. 
Saccharomyces spp., particularly S cerevisiae, Schizosaccharomyces spp., or 

— r--- ^yy-i v/i Kiciiii^ii^vju^ mngi ^e.g , Aspergillus spp., ,\eurospora spp.J. 

Strains of the yeast Saccharomyces cerevisiae are particularly preferred. Methods for 
producing recombinant proteins in a variety of prokaryotic and eukaryotic host cells are 
generally known in the art (see. "Gene Expression Technology:' Methods in 
Enzymology\ Vol. 185, Goeddel (ed.). Academic Press, San Diego. Calif. 1990: see 

20 also. "Guide to Yeast Genetics and Molecular Biology," Methods in Enzymology, 
Guthrie and Fink (eds.), Academic Press, San Diego, Calif., 1991). In general, a host 
ceil will be selected on the basis of its ability to produce the protein of interest at a high 
level or us ability lo carry out at least some of the processing steps necessary for the 
biological activity of the protein. In this way, the number of cloned DNA sequences 

25 that must be introduced into the host cell can be minimized and overall yield or 
biologically active protein can be maximized. 

The nucleic acid molecules (or vectors) mav be introduced into host cells 



Pearson. Somatic {'ell Gen ~ b03. 1981. Graham and Van aer Kb. \'in>iov\ /2:45o. 
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1973), eiectroporation (Neumann et aL EMBO J. 7:841-845. 1982), retroviral, 
adenoviral protoplast fusion-mediated transfcction or DEAL-dextran mediated 
transfection (Ausube! et aL, (eds.), Current Protocols in Molecular Biology,, John Wiley 
and Sons. Inc.. NY, NY, 1987). 

Host cells containing vector constructs of the present invention are then 
cultured to express a DNA molecule as described above. The cells are cultured 
according to standard methods in a culture medium containing nutrients required for 
growth of the chosen host cells. A variety of suitable media are known m the art and 
generally include a carbon source, a nitrogen source, essential amino ar.ids. vitamins 
and nnneiuU ub weii as other components, e.g., growth factors or serum, that may be 
required by the particular host cells. The growth medium will generally select for cells 
containing the DNA construct(s) by, for example, drug selection or deficiency in an 
essential nutrient which is complemented by the selectable marker on the DNA 
construct or co-transfected with the DNA construct. 

Suitable growth conditions for 

~ - » — uujimiii^ 

in a chemically defined medium, comprising a nitrogen source, which may be a non- 
ammo acid nitrogen source or a yeast extract, inorganic salts, vitamins and essential 
amino acid supplements at a temperature between 4°C and 37°C, with 30°C being 
particularly preferred. The pH of the medium is preferably maintained at a pH greater 
than 2 and less than 8, more preferably pH 5-6. Methods for maintaining a stable pH 
include buffering and constant pH control. Preferred agents for pH control include 
sodium hydroxide. Preferred buffering agents include succinic acid and Bis- Ins 
(Sigma Chemical Co.. St. Louis, Mai. Due to the tendency of yeast host cells to 
hyperglycosylate heterologous proteins, it may be preferable to express the nucleic acid 
molecules of the present invention in yeast cells having a defect in a gene required for 
asparagine-linked glycosylation. Such cells are preferably grown in a medium 
containing an osmotic stabilizer. A preferred osmotic stabilizer is sorbitol 
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Cultured mammalian cells are generally cultured in commercially 
available serum-containing or serum-free media. Selection of a medium and growth 
conditions appropriate for the particular cell line used is well within the level of 
ordinary skill in the art. 

5 

Antibodies 

Antibodies to the WRN proteins discussed above may readily be 
prepared given the disclosure provided herein. Such antibodies may. within certain 
embodiments, specifically recognize wild type WRN protein rather than a mutant WRN 

10 protein, mutant WRN protein rather than wild type WRN protein, ur equally recognize 
both the mutant and wild-type forms of WRN protein. Antibodies may be used for 
isolation of the protein, establishing intracellular localization of the WRN protein, 
inhibiting activity of the protein (antagonist), or enhancing activity of the protein 
(agonist). Knowledge of the intracellular location of the WRN gene product may be 

15 abnormal in patients with WRN mutations, thus allowing the development of a rapid 
screening assay . As well, assays for small molecules that interact with the WRN gene 
product will be facilitated by the development of antibodies and localization studies. 

Within the context of the present invention, antibodies are understood to 
include monoclonal antibodies, polyclonal antibodies, anti-idiotypic antibodies, 

20 antibody fragments (e.g., Fab. and F(ab')2* F v variable regions, or complementarity 
determining regions). As discussed above, antibodies are understood to he specific 
against an WRN protein if it binds with a of greater than or equal to iO~?M. 
preferably greater than of equal to 10"^M. The affinity of a monoclonal antibody or 
binding partner can be readily determined by one of ordinary skill in the art (see 

25 Scatchard, Ann. N.Y. Acad Set. 57:660-672, 1949). 

Briefly, polyclonal antibodies may be readily generated by one of 
ordinary skill in the art from a \anetv of warm-blooded animal^ ( -n<^ l vvc^ -,>v. 

■•'^ ' .tMi: ' ■: ' erar. . '■ ■. 'fiuiMlc ■. : > '■■ ■ ' • > — . ■ ■■ 

cross- linking with eiutaralcehvdc ) is utilized *.o immunize the am ma. throuph 
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intraperitoneal, intramuscular, intraocular, or subcutaneous injections, an adjuvant such 
as Freund's complete or incomplete adjuvant. Merely as an example, a peptide 
corresponding to residues 1375 through 1387 of the WRN polypeptide sequence is used 
to raise a rabbit polyclonal antiserum. Following several booster immunizations. 
5 samples of serum are collected and tested for reactivity to the WRN protein or peptide. 
Particularly preferred polyclonal antisera will give a signal on one of these assays that is 
at least three times greater than background. Once the titer of the animal has reached a 
plateau in terms of its reactivity to the protein, larger quantities of antisera may be 
readily obtained either by weekly bleedings, or by exsanguinating the animal. 
10 Monocionai antibodies may also be readily generated using conventional 

techniques [see U.S. Patent Nos. RE 32,01 1 , 4,902,614, 4,543,439, and 4.411,993 
which are incorporated herein by reference; see also Monoclonal Antibodies, 
Hyhridomas: A New Dimension in Biological Analyses, Plenum Press, Kennett, 
McKcarn. and Bcchtol (eds.), 1980, and Antibodies: A Laboratory Manual, Harlow and 
15 Lane (eds.), Cold Spring Harbor Laboratory Press, 1988, which are also incorporated 
herein by reference). 

Briefly, within one embodiment a subject animal such as a rat or mouse 
is injected with an WRN protein or portion thereof as described above. The protein 
may be admixed with an adjuvant such as Freund's complete or incomplete adjuvant in 
20 order to increase the resultant immune response. Between one and three weeks after the 
initial immunization the animal may be reimmunized with another booster 
immunization, and tested for reactivity to the protein utilizing assays described above 
Once the animal has reached a plateau in its reactivity to the injected protein, it is 
sacrificed, and organs which contain iarge numbers of B cells such as the spieen and 
25 lymph nodes are harvested. 

Cells which are obtained from the immunized animal may be 
immortalized by transfection with a virus such as the Epstein-Ban virus (EBV) (sec 
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antibody. Suitable myeloma lines include, for example. NS-1 ( ATCO No. TIB 1 8), and 
P3X63 - Ag 8.653 (ATCC No. CRL 1580). 

Following the fusion, the cells may be placed into culture plates 
containing a suitable medium, such as RPM1 1640, or DMEM (Dulbeccos Modified 
5 Eagles Medium) (JRH Biosciences, Lenexa. Kansas), as well as additional ingredients, 
such as fetal bovine serum (FBS, i.c . , from Hyclone. Logan, Utah, or JRH Biosciences). 
Additionally, the medium should contain a reagent which selectively allows for the 
growth of fused spleen and myeloma cells such as HAT (hypoxanthine, aminoptenn. 
and thymidine) (Sigma Chemical Co , Si Louis, Missouri). After about seven days, the 

I ') icsuiiing fused ceils or hybridomas may be screened in order to determine the presence 
of antibodies w hich are reactive against an WRN protein. A wide variety of assays may 
be utilized to determine the presence of antibodies which are reactive against the 
proteins of the present invention, including for example countercurrent Immuno- 
electrophoresis, radioimmunoassays, radioimmunoprecipitations. enzyme-linked 

15 immuno-sorbent assays (ELISA), dot blot assays, western blots, inununoprecipitation. 
Inhibition or Competition Assays, and sandwich assays (see U.S. Patent Nos. 4.376.1 10 
and 4,486,530; see also Antibodies: A Laboratory Manual* Harlow and Lane (eds.). 
Cold Spring Harbor Laboratory Press, 1988). Following several clonal dilutions and 
reassays, a hybridoma producing antibodies reactive against the WRN protein may be 

20 isolated. 

Other techniques may also be utilized to construct monoclonal antibodies 
(see William D. Huse etal., "Generation of a Large Combinational Library of the 
Immunoglobulin Repertoire in Phage Lambda," Science 2^/6: 1 275- 1 281 , December 
1989; see also L. Sastry et aL, "Cloning of the Immunological Repertoire in Escherichia 
25 coli for Generation of Monoclonal Catalytic Antibodies: Construction of a Heavy Chain 
Variable Region-Specific cDNA Library," Proc Natl. Acad Sci. USA S6 5728-5732, 
August 1989; see also Michelle Alting-Mees etal.. 'Monoclonal Antibodv Expression 

La jnna. t. ahforr.ia. which enables the production ol antib^cics tnrough recombinant 
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techniques). Briefly. mRNA is isolated from a B cell population, and utilized to create 
heavy and light chain immunoglobulin eDNA expression libraries in the 
ImmunoZap(H) and ^lmmunoZap(L) vectors. These vectors may be screened 
individually or co-expressed to form Fab fragments or antibodies {see Huse et ah, 
supra: see also Sastry et aL, supra). Positive plaques may subsequently be converted to 
a non-lytic plasmid which allows high level expression of monoclonal antibody 
fragments from E. coli. 

Similarly, portions or fragments, such as Fab and Fv fragments, of 
antibodies may also be constructed utilizing conventional enzymatic digestion or 
recombinant DNA techniques to incorporate the variable regions of a gene which 
encodes a specifically binding antibody. Within one embodiment, the genes which 
encode the variable region from a hybridoma producing a monoclonal antibody of 
interest are amplified using nucleotide primers for the variable region. These pnmers 
may be synthesized by one of ordinary skill in the art, or may be purchased from 
commercially available sources. Stratacyte (La Joila, Calif.) seiis primers tor mouse 
and human variable regions including, among others, primers for V Ha , V Hns V Hc , V H( j, 
C H j, V L and C L regions. These primers may be utilized to amplify heavy or light chain 
variable regions, which may then be inserted into vectors such as ImmunoZAP™ H or 
ImmunoZAP™ L (Stratacyte), respectively. These vectors may then be introduced into 
E coh, yeast, or mammalian-based systems for expression. Utilizing these techniques, 
large amounts of a single-chain protein containing a fusion of the V H and V L domains 
may be produced (see Bird et ah. Science 2*/2:423-426, 1988). In addition, such 
techniques may be utilized to change a "murine" antibody to a "human" antibody, 
withou: altering the binding specificity of the antibody. 

Once suitable antibodies have been obtained, they may be isolated or 
purified by many techniques well known to those of ordinary skill in the an {see 
Antibodies: A Laboratory ManuaL Harlow and Lane <eds k Old Spring Harbor 
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Assavs 

Assays useful within the context of the present invention include those 
assays for detecting agonists or antagonists of WRN protein activity. Other assays are 
5 useful for the screening of peptide or organic molecule libraries. Still other assays arc 
useful for the identification and/or isolation of nucleic acid molecules and/or peptides 
within the present invention, the identification of proteins that interact or bind the WTUs 
protein, for diagnosis of a patient with an increased likelihood of contracting Werner's 
Syndrome, or for diagnosis of a patient with susceptibility to or manifestation of a 
i 0 wRN-related disease. 

Nucleic Acid Based Diagnostic Tests 

Briefly, another aspect of the present invention provides probes and 
primers for detecting the WRN genes and/or mutants thereof, in one embodiment of 

1 5 this aspect, probes are provided that are capable of specifically hybridizing to DNA or 
RNA of the WRN genes. For purposes of the present invention, probes are "capable of 
hybridizing" to DNA or RNA of the WRN gene if they hybridize to an WRN gene 
under conditions of either high or moderate stringency (see Sambrook et al., supra) but 
not significantly or detectably to the an unrelated helicase gene such as the Bloom's 

20 Syndrome gene (Ellis et al., Cell SJ:655-666, 19951. Preferably, the probe hybridizes to 
suitable nucleotide sequences under high stringency conditions, such as hybridization in 
5x SSPE. lx Denhardt's solution, 0.1% SDS at 65°C. and at least one wash to remove 
unhybridized probe in the presence of 0.2x SSC, lx Denhardt's solution. 0.1% SDS at 
65°C. fxcept as otherwise provided herein, probe sequences are designed to allow 

25 hybridization to WRN genes, but not to DNA or RNA sequences from other genes. The 
probes are used, for example, to hybridize to nucleic acid that is present in a biological 
sample isolated from a patient. The hvbridized prone T hen de?ec*H ^--^ 
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product subjected to DNA sequencing. Mutants of WRN may be detected by DNA 
sequence analysis or hybridization with allele-specific oligonucleotide probes under 
conditions and for time sufficient to allow hybridization to the specific allele. 
Typically, the hybridization buffer and wash will contain tetramethyl ammonium 
5 chloride or the like (see Sambrook et al., supra). 

Nucleic acid probes of the present invention may be composed of either 
deoxyribonucleic acids (DNA), ribonucleic acids (RNA), nucleic acid analogues (e.g., 
peptide nucleic acids), or any combination thereof, and may be as few as about 12 
nucleotides in length, usually about 14 to 18 nucleotides in length and possibly as large 

1 ft as the entire sequence uf a WRN gene. Selection of probe size is somewhat dependent 
upon the use of the probe, and is within the skill of the an. 

Suitable probes can be constructed and labeled using techniques that are 
well known in the art. Shorter probes of, for example, 12 bases can be generated 
synthetically and labeled with 32p using T4 polynucleotide kinase. Longer probes of 

15 about 75 bases to less than 1.5 kb are preferably generated by. for example, PGR 
amplification in the presence of labeled precursors such as [a-32p]dCTP, digoxigenin- 
dUTP. or biotin-dATP. Probes of more than 1.5 kb are generally most easily amplified 
by transfecting a cell with a plasmid containing the relevant probe, growing the 
transfected cell into large quantities, and purifying the relevant sequence from the 

20 transfected ceils. (See Sambrook et ah, supra.) 

Probes can be labeled by a variety of markers, including for example, 
radioactive markers, fluorescent markers, enzymatic markers, and chromogemc 
markers. The use of ---P is particularly preferred for marking or labeling a particular 
probe. 

-5 It is a feature of this aspect of the invention that the probes can be 

utilized to detect the presence of WRN mRNA or DNA within a sample However, if 
the relevant sample is present in only a limited number, then it may be beneficial to 

e q.uiK l . 1 ua:n_ l< w example. i<N .\ ampk:~:ca:k n 1 s.\ Lizard: al . . 
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Bio/Technology 6:1197-1202, 1988; Kramer ct aL Nature JJ9:401 -402, 1989; Lomeli 
etai.. Clinical Chem 3 5(9): 1 826- 1 83 1, 1989; U.S. Patent No. 4.786,600). and DNA 
amplification utilizing LCR or polymerase chain reaction ("PCR") (see, U.S. Patent 
Nos. 4.683,195, 4.683,202, and 4,800,159) (see also U.S. Patent Nos. 4.876.187 and 
5,01 1,769, which describe an alternative detection' amplification system comprising the 
use of scissile linkages), or other nucleic acid amplification procedures that are well 
within the levei of ordinary skill in the art. With respect to PCR. for example, the 
method may be modified as known in the art. Transcriptional enhancement of PCR 
may be accomplished by incorporation of bacteriophage T7 RNA polymerase promoter 
sequences in one of the primary oligonucleotides, and immunoenzymatic detection of 
the products from the enhanced emitter may be effected using anti-RM A;DN A 
antibodies (Blais. Appl. Environ. Microbiol 60:348-352. 1994). PCR may also be used 
in combination with reverse dot-blot hybridization (lidaetal.. FEMS Microbiol Lett. 
I 74:167-172, 1993). PCR products may be quantitatively analyzed by incorporation of 
dUTP (Duplaa ct a!.. Anal. Biochem 2/2:229-236, 1993 ), and samples may be filter 
sampled for PCR-gene probe detection (Bej et ah, Appl Environ Microbiol 
57:3529-3534, 1991). 

Within a particularly preferred embodiment, PCR amplification is 
utilized to detect the WRN DNA. Briefly, as described in greater detail below, a DNA 
sample is denatured at 95°C in order to generate single-stranded DNA The DNA 
sample may be a cDNA generated from RNA. Specific primers are then annealed to the 
single-stranded DNA at 37°C to 70°C, depending on the proportion of AT'GC in the 
primers The primers are extended at 72°C with Taq DNA polymerase or other 
thermostable DNA polymerase in order to generate the opposite strand to the template. 
These steps constitute one cycle, which may be repeated in order to amplify the selected 
sequence. For greater specificity, nested PCR may be performed. In nested PCR. a 
second amplification is performed using a second set of primer? dc rivet: from ^cr^cvcc- 
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convenient size tor determining their sequence. In a preferred embodiment, nested PGR 
is performed. 

Within an alternative preferred embodiment. LCR amplification is 
utilized for amplification. LCR primers are synthesized such that the 5' base of the 
5 upstream primer is capable of hybridizing to a unique base pair in a desired gene to 
specifically detect an WRN gene. 

Within another preferred embodiment, the probes are used in an 
automated, non-isotopic strategy wherein target nucleic acid sequences are amplified by 
PCR. and then desired products are determined by a colorimetric oligonucleotide 
10 ligation assay (OLA) (Nickerson ct al., 7W. Naii Acad. Set USA #7:8923-8927. 
1990). 

Primers for the amplification of a selected sequence should be selected 
from sequences that are highly specific to WRN (and not, e.g., the Bloom's Syndrome 
gene, supra) and form stable duplexes with the target sequence. The primers should 

15 also be non-complementary, especially at the 3' end, should not form dimers with 
themselves or other primers, and should not form secondary structures or duplexes with 
other regions of DNA. In general, primers of about 18 to 20 nucleotides are preferred, 
and can be easily synthesized using techniques well known in the art. PCR products, 
and other nucleic acid amplification products, may be quantitated using techniques 

20 known in the art (Duplaa et al.. Anal. Biochem. 272:229-236. 1993: Higuchi et al., 
Bio/Technology J! T 026- 1030). 

Within one embodiment of the invention, nucleic acid diagnostics may 
be developed which are capable of detecting the presence uf Werner's Syndrome, or ot 
various related diseases that may be caused by Werner's Syndrome. Briefly, severe 

25 mutations in the WRN gene may lead to Werner's Syndrome, as well as a host of related 
diseases, including for example, increased frequency of some benign and malignant 
neoplasms (especially sarcomas), cataracts, cardiovascular disease, osteoporosis, type 1 
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the WRN gene. For example, diabetes and osteoporosis are often associated with aging. 
Aging population and individuals with these (or other) diseases are screened for 
mutations in WRN. Any of the assays described herein may be used. RT-PCR is 
especially preferred in conjunction with DNA sequence determination. To correlate a 
mutation or polymorphism with disease, sibling pairs in which one sibling has disease 
are preferred subjects. Once a mutation is identified, other convenient screening assays 
may be used to assay particular nucleotide changes. 

Since the sequences of the two copies of the gene from non-Werners 
affected individuals can be correlated with the medical histories of these patients to 
define these correspondences, these alleles can there tore be used as diagnostics for 
susceptibilities to these diseases, once the relationship is defined. Certain non-null 
forms of the gene, for example, in either the homozygous or heterozygous state may 
significantly affect the propensity for the carriers to develop, for example, cancer. 
These propensities can be ascertained by examining the sequences of the gene (both 
copies) in a statistically significant sample of enncer patients. Other diseases (sec 
above) can be similarly examined for significant correlations with certain alleles. To 
detect such a causal relationship one can use a chi-squared test, or other statistical test, 
to examine the significance of any correlation between the appropriate genotypes and 
the disease state as recorded in the medical records, using standard good practices of 
medical epidemiology. The sequences that define each of the alleles are then valuable 
diagnostic indicators for an increased susceptibility to the disease. Thus, from the 
nucleic acid sequences provided herein, a wide variety of Werners Syndrome-related 
diseases may be readily detected. 

Another cellular phenotype of the cells from Werner s patients is the 
increased frequency of deletion mutation in these cells. Clearly, the defective helicase 
in these cells leads to a specific mutator phenotype, while not rendering the cells 
hypersensitive to a variety of chemical or physical mutagens that damage DNA. like 

> >nu* j.ic;es ma> therehne he diagnosuc ot this Ciass ui medical concitions. 
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Assays for agonists and antagonists 

Also provided by the present invention are agonists or antagonists of the 
WRN gene product comprising a protein, peptide, chemical, or peptidomimetic that 
5 hinds to the WRN gene product or interacts with a protein that binds to the WRN gene 
product such that the binding of the agonist or antagonist affects the activity of the 
WRN gene product. An agonist will activate or increase the activity of the WRN gene 
product. An antagonist will inhibit or decrease the activity of the WRN gene product. 
The activity of the WRN gene product may he measured in an assay, such as a helica^c 

10 assay oi oiher assay that measures an activity of the WRN gene product. Other assays 
measure the binding of protein that interacts w r ith WRN and is necessary for its activity. 

Agonists and antagonists of the WRN gene product may be used to 
enhance activity or inhibit activity of the gene product. Such agonists and antagonists 
may be identified by a variety of methods. For example, proteins that bind and activate 

15 WRN may be identified using a yeast 2 hybrid detection system. In this system, the 
WRN gene is fused to either a DNA-binding domain or an activating domain of a yeast 
gene such as GAL4. A cDNA library is constructed in a vector such that the inserts are 
fused to one of the domains. The vectors are co-transfected into yeast and selected for 
transcriptional activation of a reporter gene (Fields and Song, Nature 340: 245. 1989). 

20 The protein(s) that bind to WRN are candidate agonists. Three different proteins that 
bind WRN have been identified in an initial screen using the 2-hybrid system. 

When the binding site on WRN gene product is determined, molecules 
that bind and activate WRN protein can be designed and evaluated. For example, 
computer modeling of the binding site can be generated and mimetics that bind can be 

25 designed. Antibodies to the binding site may be generated and analogues of native 
binding proteins generated as well. Any of these molecules is tested for agonist or 
antagonist activity by a functional assay of the WRN gene product. For example, to test 
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the reporter gene by at least 50%. Similarly, agonist activity may be measured by cither 
enhancing WRN activity in a yeast 2-hybrid system or by coupling the test compound 
to a DNA binding or activation domain and monitoring activity of the reporter gene. 

Labels 

WRN proteins, nucleic acid molecules which encodes such proteins, 
anti-WRN protein antibodies and agonists or antagonists, as described above and below, 
may be labeled with a variety of molecules, including for example, fluorescent 
molecules, toxins, and radionuclides. Representative examples of fluorescent molecules 
include fluorescein, Phycobili proteins, such as phycoerythrin, rhodamine. Texas red 
and luciferasc. Representative examples of toxins include ncin, abnn diphtheria toxin, 
cholera toxin, gelonin, pokeweed antiviral protein, tritin, Shigella toxin, and 
Pseudomonas exotoxin A. Representative examples of radionuclides include Cu-64, 
Ga-67, Ga-68, Zr-89, Ru-97, Tc-99m, Rh-105, Pd-109, ln-111, 1-123. 1-125, 1-131. Re- 
186, Re- 188, Au-198, Au-199, Pb-203, At-2ii, Pb-212 and Bi-212. In addition, the 
antibodies described above may also be labeled or conjugated to one partner of a ligand 
binding pair. Representative examples include avidin-biotin, and riboflavin-riboflavin 
binding protein. 

Methods for conjugating or labeling the WRN proteins, nucleic acid 
molecules which encode such proteins. anti-WRN protein antibodies and agonists or 
antagonists, as discussed above, with the representative labels set forth above may be 
readily accomplished by one of ordinary skill in the art {see Tnchothceene Antibody 
Conjugate, U.S. Patent No. 4,744,981,; Antibody Conjugate, U.S. Patent No. 5.106,951 ; 
Fluorogenic Materials and Labeling Techniques, U.S. Patent No. 4.018,884; Metal 
Radionuclide Labeled Proteins for Diagnosis and Therapy, U.S. Patent No. 4.897,255; 
and Metal Radionuclide Chelating Compounds for Improved Chelation Kinetics. U.S 
Patent No. 4,988,496; see also Inman, Methods //? Fnzvinoiovv Vol "4 4 
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Pharmaceutical Compositions 

As noted above, the present invention also provides a variety of 
pharmaceutical compositions, comprising one of the above-described WRN proteins, 
5 nucleic acid molecules, vectors, antibodies, host cells, agonists or antagonists, along 
with a pharmaceutical^' or physiologically acceptable carrier, excipients or diluents. 
Generally, such earners should be nontoxic to recipients at the dosages and 
concentrations employed. Ordinarily, the preparation of such compositions entails 
combining the therapeutic agent with buffers, antioxidants such as ascorbic ucid. low 

10 moiecuiar weight (less than about 10 residues) polypeptides, proteins, amino acids, 
carbohydrates including glucose, sucrose or dextnns, chelating agents such as EDTA. 
glutathione and other stabilizers and excipients. Neutral buffered saline or saline mixed 
with nonspecific serum albumin are exemplary appropriate diluents. 

In addition, the pharmaceutical compositions of the present invention 

15 may be prepared for administration by a variety of different routes, in addition, 
pharmaceutical compositions of the present invention may be placed within containers, 
along with packaging material which provides instructions regarding the use of such 
pharmaceutical compositions. Generally, such instructions will include a tangible 
expression describing the reagent concentration, as well as within certain embodiments, 

20 relative amounts of excipient ingredients or diluents (e.g.* water, saline or PBS) which 
may be necessary to reconstitute the pharmaceutical composition. 

Methods of Treating or Preventing. Werner's Syndrome 

The present invention also provides methods for treating or preventing 
25 Werner's Syndrome (or related diseases), comprising the step of administering to a 
patient a vector {eg., expression vector, viral vector, or viral particle containing a 
vector^ or nucleic acid molecules alone, as described above, thercbv reducing the 
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progression of the disease. Such therapeutics may be tested in a transgenic animal 
model that expresses mutant protein, wild-type and mutant protein, or in an in vitro 
assay system (e a helicase assay such as that described by Bjornson et aL Biochem. 
JJ07:14306-14316, 1994). 

As noted above, the present invention provides methods for treating or 
preventing Werners Syndrome through the administration to a patient of a 
therapeutically effective amount of an antagonist or pharmaceutical composition as 
described herein. Such patients may be identified through clinical diagnosis based on 
the classical symptoms of Werner's Syndrome. 

As will be evident to one of skill in the art, the amount and frequency of 
administration will depend, of course, on such factors as the nature and severity of the 
indication being treated, the desired response, the condition of the patient, and so forth. 
Typically, the compositions may be administered by a variety of techniques, as noted 
above. 

Within other embodiments of the invention, the vectors which contain or 
express the nucleic acid molecules which encode the WRN proteins described above, or 
even the nucleic acid molecules themselves may be administered by a variety of 
alternative techniques, including for example administration of asialoosomucoid 
(ASOR) conjugated with poly-L-lysine DNA complexes (Cristano et aL. PNAS 92122- 
92126, 1993), DNA linked to killed adenovirus (Curiel et al.. Hum. Gene Ther. 
3(2): 147-1 54, 1992), cytofectin-mediated introduction (DMRIE-DOPE, Vical, Calif), 
direct DNA injection i Acsadi ct aL, Nature 552:815-818, 1991 ); DNA ligand (Wu et al., 
J. of Biol Chem. 26^:16985-16987, 1989); lipofection (Feigner et al., Proc Sail. Acad 
ScL USA <VV:7413-7417, 1989); liposomes (Pickering et aL, Circ. *9(l):13-2l, 1W: 
and Wang et aL, PNAS <W:785I-7855, 1987); microprojectile bombardment (Williams 
et aL, PNAS 88:2126-2130, 1991); and direct delivery of nucleic acids which encode the 
WRN protein itself either alone (Vile- and Hart. Cancc- Res ^860-^A~ 1 <> f >^ ^ 
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EXAMPLES 

EXAMPLE ] 
Cloning of thf WRN Gene from Chromosome 8 

5 

The WS locus (WRN) was initially localized to 8p 1 2 by conventional 
mapping methods (Goto et al.. Nature 555:735-738, 1992) and the genetic position 
refined using both meiotic and homozygosity mapping (Schellenberg et al.. 1992; 
Nakura, et al.. Genomic* 75:600-608, 1994; Thomas,, Genomics 7'6:68f>-690. 1993). 

10 The latter approach is possible since many WS subjects are the offspring of 
consanguineous marriages (Table 1). Initial mapping work ("Nakura. ct al.. Genomics 
23:600-608, 1994; Oshima et al.. Genomics 25:100-113, 1994) placed the WRN locus 
in an 8.3 cM interval flanked by D8SJ37 and D8S87 (Fig. 1 ). D8S339. a marker within 
this interval, was the closest locus tested (q = 0.001, Z mAX = 15.93). Multipoint analysis 

1 5 placed WRN within 0.6 cM of D8S339, although the region between D8S87 and FGFR 
could not be excluded Subsequently, the short tandem repeat polymorphism (STRP) 
markers at glutathione reductase (GSR) and D8S339 were found to be in linkage 
disequilibrium with WS in Japanese WS subjects (Yu, American Journal of Human 
Genetics 55:356-364, 1994). 

20 To clone the W"RN gene, a yeast artificial chromosome (YAC) PL and 

cosmid contig was generated starting at the GSR / D8S339 region and extended by 
walking methods to cover approximately 3 Mb. An additional 16 STRP markers in the 
YAC contig (Fig. IB) were identified to define recombinants and to delineate the 
boundaries of the linkage disequilibrium region. For marker ordering and gene 

25 identification, cosmids and PI clones were also isolated and used to construct a small- 
clone partial contig of the region (Fig. 1EV The WRN region was defined by obligate 
recombinants at C41C3S3 excluding the region telomeric to th: c marker n.nd n T \ ^Q^RO 



region 
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Genes in the WRN region were identified by exon trapping using vector 
pSL3 (Buckler et al., Proc. Natl. Acad. Sci. USA <Mf:4005-4009. 1991; Church et al., 
Nat. (ienet. 6:98-105, 1994), hybridization of cDNA libraries to immobilized YACs 
(Panmoo et al., Proc. Natl. Acad. Sci USA 3 166-3 169, 1991), and comparison of the 
5 genomic sequence to DNA sequence databases using BLAST (Altschul et al. J Mol. 
Biol 2/3:403-410, 1990) and the exon-finding program GRAIL (Uberbacher and 
MuraL Proc Natl Acad. Sci. USA ##:1261, 1991). The genomic sequence was 
determined for the region defined by PI clones 2233, 2253, 3833, 2236, 2237, 2932, 
6738 and 2934 and cosmid clone 176 C6. Each method identifies short segments of 

10 expressed sequences, which wcic then used ro screen an arrayed fibroblast cDNA 
library to identify longer cDN A clones. This library was selected because WS 
fibroblasts have a premature senescence phenotype in vitro, indicating that the WRN 
gene is probably expressed in this cell type. Genes identified by this process were 
screened for WRN mutations using reverse transcriptase-polymerase chain reaction 

15 (RT-PCR). Seven subjects were initially screened for mutations: 5 WRN subjects (2 
Caucasians and 3 Japanese) and 2 control subjects (1 Caucasian and 1 Japanese). Prior 
to identification of the WRN gene, the following genes from the region were screened 
for mutations; GSR, PP2AB, TFI1EB, and genes corresponding to other expressed 
sequence tagged sites (ESTs). 

20 The candidate WRN locus gene was initially detected by using the 

genomic sequence of PI clone 2934 to search the EST database. A single 245 bp EST, 
R58879. was detected which is homologous to 3 segments of the genomic sequence 
separated by presumed intronic sequence. Sequence from R58879 was used to identify 
longer cDNA clones from a normal fibroblast cDNA library. An initial 2.1 kb cDNA 

25 clone containing EST R58879, which corresponds to the 3' end of the gene, was 
obtained by screening an array of clones by PCR. using the primers A and B (see 
below). Primers A and B are derived from R58879 sequence and yield a 145 bp 
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clones were identified. An additional 8 clones were obtained by plaque hybridization. 
The longest clone is 4.0 kb in length. Additional sequence was obtained by the RAGF 
method using primer SEA to prime first strand cDNA synthesis. A 2.5 kb product was 
obtained that contained an additional 1 .4 kb of sequence. 
5 Evidence that R58879 is expressed was obtained by Northern blot 

analysis, in which 6.5 kb and 8 kb transcripts were detected in a variety of tissues, 
including heart, piacenta, muscle, and pancreas. Also, transcripts were detected by RT- 
PCR products from fibroblast and lymphoblastoid cell line RNA. 

10 EXAMPLE 2 

Cloning Of Tut WRN Gene From Subjects 

The WRN gene may be isolated from patients and mutations or 
polymorphisms determined by sequence analysis. Peripheral blood cells are obtained 
15 by venipuncture and hypotonic lysis of erythrocytes. DNA or RjnA is isolated from 
these cells and the WRN gene isolated by amplification. The gene sequence may be 
obtained by amplification of the exons from genomic DNA or by RT-PCR, followed by 
determination of the DNA sequence. Primers suitable for determining the DNA 
sequence and for performing RT-PCR are listed below (Primers A-R aTc SEQ ID Nos. 
20 1-18 respectively, and primers 5EA-5EG are SEQ ID Nos. 19-25 respectively) Two 
cDNAs were identified and arc shown in Figures 2 and 3. There is some uncertainty 
regarding the identity of a few bases in the 5' untranslated region in Figure 2 

Two RT-PCR reactions are used to obtain the gene from different 
tissues First strand cDNA synthesis is carried out according to standard procedures 
25 {e.g.. with a Stratascnpt Kit from Stratagene). The cDNA is subjected to a pair of 
nested PCR amplifications, the first with primers I and J (SEQ ID Nos. 9 and 10), 
followed by primers K and L (SEQ ID Nos. 1 1 and 12 ), and the second with primers 

tne gene sequence or splicing pattern Primers A-M ■ SFQ ID Nos !-X)and k-R i SEU 
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ID Nos. 11-18) axe used tor sequencing the first RT-PCR fragment. Primers B, SEA. 
5EB. SEC. 5EE. 5EF and 5 EG (SEQ ID Nos. 2, 19. 20. 21. 23. 24. and 25. repectively) 
are used for sequencing the second RT-PCR fragment. Sequencing is done on an 
ABI373A using Applied Biosystems Division of Perkin-F.lmer FS sequencing kits 
5 according to the instructions of the manufacturer. 



A 5 ' - CTGGCAAGGATCAAACAGAGAG 

B 5 ' - CTTTATG AAGC C AATTTCTAC CC 

C 5 ' - TGGCAAATTGGTAGAAGCTAGG 

10 D 5 1 -AAATAACTATGCTTTCTTACA 

F V - CTC C CGTC AACTC AGATATGAG 

F 5 ' -CTGTTTGTAAATGTAAGAAAGCATAG 

G : ' -GAGCTATGATGACACCACTGC 

II 5 1 - ACTGAGC AACAGAGTGAGACC 

15 I S'-GGATCTGGTCTCACTCTGTTGC 

J 5 ' -TTGCCTAGTGCAATTGGTCTCC 

K E-' - AGTGCAGTGGTGTCATCATAGC 

L l V - CCTATTTAATGGCACCCAAAATGC 

M 5 1 - GAGTCTATGGCCATCACATACTC 

20 N :•' -ACCGCTTGGGATAAGTGCATGC 

0 'i' -GAGAAGAAGTCTAACTTGGAGAAG 

P E. ' - TTCTGGTGACTGTACCATGATAC 

0 5 ' - C C AAAGG AAGTGATAC C AGC AAG 

R 6' -ACAGCAAGAAACATAA7TGTTCTGG 
25 5EA -GAACTTTGAAGTCCATCACGACC 

5EB 5 ' -GCATTAATAAAGCTGACATTCGCC 

5FC Ei ' - CATTACGGTGCTCCTAAGGACATG 

5ED c > ' -GATGGATTTGAAGATGGAGTAGAAG 

5FF ■;. ' TGAAAGACAArATGGAAAUAGCTTG 

30 5EF ::■ ' - GT AGAACCAAC I CAT I C I AAA"GCT 

bEG b ' ■ AATT TGCGTGTCA 1 CCTTGCGCA 

The exons of the 3'-end of the WRN gene can be amplified from DNA 
samples using the primers listed below (Primers E1A-E13B are SEQ ID Nos. 26-57. 

35 respectively). The DNA sequence is determined using the same primers and an 

-, p' — . 



i • • * ' . . , A.j i . •* . 1 ■ i • •• -.' i i 
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E1B :■■ -CATGAAACTTGCTTCTAGGACAC 

E2A 5 ■ - C C C AGGAG TT C G AG AC C AT C C 

E2B E " -TTACAATCGGCCACATTCATCAC 

E2C 5 1 - TGTAATCCCAACACTTTGGGAGG 

5 E2D 5 ' - AG'GGAAGAATTCATAGTGGATGG 

E3A j -TAGCTTTATGAAGCCAATTTCTACC 

E3B 5 ■ - AATCCAAAGAATCAATAGACAAGTC 

E2C -■' GCTTGAAGGATGAGGCTCTGAG 
E3D ' -TGTTCAGAAiGAGCACGATGGG 

1 0 E4A i> ' - C TT GTGAGAGGCC T A 1 AAACTCG 





E4B 


L , ' 


-GGTAAACAGTGTAGGAGTCTGC 




EBA 




GCCA! 1 1 1 CI CnTAATTGGAAAGG 




EbB 


t, 1 


Al CTTATTCATC1 TTCTGAGAATGG 




E6A 




TG AA A T ARf T CA.AC ATCTG ACAG 


15 


E6B 


i ' 


-GA1 fAATTTGACAGCTTGATTAGGC 




E7A 




- TGAAATATAAACTCAGACTCTTAGC 




E7B 


b ' 


-GTACTGATTTGGAAAGACATTCTC 




EBA 


c ■ 


-GATGTGACAGTGGAAGCTATGG 




E8B 


L ' 

■ J 


GGAAAAATG I GGTA1 CI GAAGCTC 


20 


E9A 


5 ' 


- AAGTGAGCAAATGTTGCTTCTGG 




E9B 




TCATTAGGAAGCTGAACATCAGC 




E10A 


S ' 


GTTGGAGGAAATTGATCCCAAGTC 




E10B 




TGTTGCTTATGGGTTTAACTTGTG 




EI1A 




- TAAAGGATTAATGCTGTTAACAGTG 


25 


E11B 




- TCACACTGAGCATTTACTACCTG 




E12A 




GTAA I CA 1 A i CAGAATTCATAACAG 




E12E 




- CTTTGGCAACCTTCCACCTTCC 




E12C 




- GCAAAGGAAATG7AGCACATAGAG 




El 2D 




- AGGCTATAGGC ATTTGAAAGAGG 


30 


E13A 




' -GTAGGCTCCCAGAAGACCCAG 




E13B 




' -GAAAGGA'GoGTGTGTATTCAGG 



EXAMPLE 3 

3 5 Identification of Mutant alleles 

The cDNA sequence (Figure 2) was aligned to the genomic sequence to 

j . . . 

. ,j ^ , , ■ :\tiK*:ii.v -wui.c '\i.sc . vu r ^ Ila;lLJ^^ .eoxi t<< v^uung ae:e^ i r stop 
codon. m the open reading frame or the gene. In the fifth patient, a single base pair 
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change results in a cysteine to arginine transition, which may disrupt gene function. 
Bach of the exons was also sequenced in 96 unaffected control individuals <48 
Caucasians and 48 Japanese), and none of the mutations were found in any of the 
control individuals. 

5 The first mutation is a mutation at a splice acceptor site. In the sequence 

below, the GGTAGAAA sequence begins at nucleotide 2030 (Figure 2). The g to c 
change results in a deletion of 95 bp 

Preparation of DNA for RT-PCR mutational analysis revealed that for 
one subject, the amplification product was shorter than observed in products from other 

10 WS and control subjects DNA sequence analysis of the RT-PCR product revealed that 
95 bp were missing compared to other samples. The missing sequence corresponds to a 
single exon. This exon and flanking genomic segments were sequenced from the WS 
subject and controls and a single base change (G— *C) at the splice donor site was 
detected. The subject was the offspring of a first cousin marriage and was, as expected, 

1 5 homozygous for this mutation. The same mutation was found in a total of 18 out of 30 
Japanese WS subjects and, thus, is the most common Japanese WS mutation. Deletion 
of this exon results in a change in the predicted open-reading frame and a premature 
stop codon. This mutation was not observed in 46 Japanese and 46 Caucasian controls. 
Among mutation carriers, 12/16 had the 14] bp allele at the GSR2-STRP. 

20 

wild type: ttttda nag GGTAGAAA (SEQ ID No. 58) 

Werners: l I .L taa LacGGT AG AAA (SEQ ID No. 59) 

The second mutation changes a C to T at nucleotide 2384 (Figure 2) 
25 changing a glutamine to a stop codon, which results in a predicted truncated protein. 
This mutation was observed in a single subject. Primers Fill A and El IB flank this 
sequence and amplify' a 360 bp fragment. 



ter 
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The third mutation changes a C to T at nucleotide 2804 (Figure 2). which 
alters an arginine codon to a stop codon resulting in a predicted truncated protein. Four 
Japanese WS subjects and 1 Caucasian W5 subject had this mutation. Primers E8A and 
5 E8B flank this sequence and amplify a 267 bp product. 

arg 

wild type: TTGGAGCGAGCA (SEQ ID No. 62) 

Werners: T7GGAGTGAGC A (SEQ ID No. 63) 

10 ter 



The fourth mutation is a 4 bp deletion across a splice junction. The exon 
sequence shown below begins at nucleotide 2579 (Figure 2). This mutation was 
15 identified in a Syrian W5 kindred. Primers E4A and E4B flank this mutation and 
amplify a 267 bp fragment. 



20 



30 



wild type: c tctagACAGACACCTC (SEQ ID No. 68) 

Werners: ctgt AGACACCTC (SEQ ID No. 69) 

The fifth mutation is a missense mutation. A T is altered to a G at 
nucleotide 2113 (Figure 2), changing the wild-type phe codon to a leu codon. This 
change is a polymorphism with each allele present at a frequency of approximately 0 5 
U does not appear to correlate with WS. 

phe 

wild type: AAGAAGTTTCTTCTG (SEQ ID No. 64) 

Werners: AAGAAG TTG CTTCTG (SEQ ID No. 65 i 

leu 

The sixth mutation is :\ missense mutation *n 5 n>-"T » r f ■' ' " 



\ .a: type: " : ; . ; <SEQ ID No. >?r*-. 

Werners: Z C 7 7 Z A C G 7 G A (SEQ ID No. 6m 
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arg 

These point mutations may also be identified by PGR using primers that 
contain as the 3-most base either the wild type or the mutant nucleotide. Two separate 
5 reactions are performed using one of these primers and a common second primer. 
Amplification is detectable in the reaction containing a matched primer. 

EXAMPLE 4 

1 0 Characterization of the WRN Gene and Gfnf Prodi irr 

The 2 kb WRN cDNA hybridizes to a 6.5 kb RNA and a less abundant 8 
kb RNA on a Northern blot, suggesting that a full length coding region is about 5.2 kb 
long. .An overlapping cDNA clone has been isolated that extends the sequence by 2 kb. 

1 5 The insert from this clone is used to probe cDNA libraries to identify other clones that 
contain the 5' end of the cDNA or full length sequence. Alternate splicing events are 
detected by sequencing the full cDNA sequence from a number of different tissues, 
including fully differentiated cells and stem cells, and the full range of gene transcripts 
identified by sequence comparison. Additional exons are identified as above by further 

20 genomic sequencing and GRAIL analysis. 

The predicted amino acid sequence is shown in Figures 213 and 3. 
Figure 2 shows cDNA and predicted amino acid sequences of the WRN gene Figure 3 
presents cDNA and predicted amino acid sequences of a less abundant transcript of the 
WRN gene. The longest open reading frame is shown from the first methionine in that 

25 frame. The predicted WRN protein consists of 1,432 amino acids divided into three 
regions: an N-terminal region, a central region containing 7 motifs (I, la, II, III. IV. V 
and VI) characteristic of the ON A and RNA supcrfamily of helicases (Gorbalcnya et al. 
\WV- t •-'-/ ^ • >- 1 ■ ■ • ' . v 

Because many hclicases function ^ part o: a multiprotem compiex. the N -terminal 
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and/or the C-terminal domain may contain interaction sites for these other proteins, 
while the central heiicase domain functions in the actual enzymatic unwinding of DNA 
or RNA duplexes. 

The N-terminai region, encompassing approximately codons 1 to 539, is 
acidic; there are 109 aspartate or glutarnate residues, including a stretch of 14 acidic 
residues in a 19 amino acid sequence (codons 507-526). Stretches of acidic residues are 
found in the Xeroderma pigmentosum (XP) complementation group B heiicase, the 
Bloom's syndrome heiicase, and the X-chromosome-linked a-thalassemia mental 
retardation syndrome heiicase. In the WRN gene, this region also contains a tandem 
duplication or 27 amino acids in which each copy is encoded by a single exon. Because 
this duplication is exact at the nucleotide level, and because flanking intronic sequences 
for the two exons that encode the duplication are also highly similar, this duplication is 
presumed to be the result of a relatively recent event. The duplicated regions are also 
highly acidic with 8 glutarnate or aspartate residues out of 27 amino acids and only 2 
basic amino acids l one histidine and one lysine residue). 

The central region of the WRN gene, spanning approximately codons 
540-963. is highly homologous to other helicases from a wide range of organisms 
including the ReqQ gene from E coli, the SGS1 gene from S. cerevisiae. a predicted 
heiicase (F18C5C) from C elegans. and several human helicases. Thus, by sequence 
similarity, the WRN gene is a member of a superfamily of DExH-box DNA and RNA 
helicases. The principle conserved sequences consist of 7 motifs found in other 
helicases. These motifs include a predicted nucleotide binding site (motif 1) and a \lg : * 
binding site (sequence DEAH, motif II). Some or all of the 7 motifs are presumed to 
form the enzymatic active site for DNA/RNA unwinding The presence of the DEAH 
sequence and an ATP-binding motif further suggests that the WRN gene product is a 
functional heiicase. 

The C-terminal end of the WRN gene, from codons 964 to 14^2. has 
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EXAMPLE 5 

IDENTIFYING AND DETECTING MUTATIONS IN THE WRN GENE 

Mutations or polymorphisms of WRN may be identified by various 
methods, including sequence analysis. Although any cell (other than erythrocytes ) may 
be used to isolate nucleic acids, peripheral blood mononuclear ceils (PBMC) are 
preferred. Peripheral blood mononuclear cells are obtained by venipuncture and 

--->— ;t v/i uvuuutvica. iviNrt lb lsuiaicu ana nrst strand clJNA 

synthesis is performed using a Strata-script RT-PCR kit according to the manufacturers 
instructions (Stratagene. La Jolla, part numbers 200347 and 200420). Three RT-PCR 
fragments are amplified using an LA PCR Kit Ver. 2 using buffer containing 1.5 mM 
Mg+2 (TaKaRa Shuzo Co.. Ltd., Japan, part number RR013A). Nested PCR is 
performed. In this reaction, a second PCR is performed using a pair of primers within 
the sequence amplified by the first PCR reaction. The cycling conditions for each 
amplification are: 10 min at 95°C, 35 cycles of 1 min at 60°C, 1 min at 72"C. and 1 min 
at 95 D C. followed by 7 min at 72°C in a Pcrkin-Elmer 9600 PCR machine. The 
amplified fragments are purified using 96-well plate spin columns (Wang et a!.. Anal 
liiochem. 226:85-90. 1995). DNA sequence is determined using an FS Dye-Terminator 
sequencing kit (Applied Biosystems Division of Perkin Elmer) and the specific primers 
described below. An automated Applied Biosystems ABI373A DNA Sequencer is used 
to determine the sequence. The amplified fragments and the appropriate primers arc 
listed in Table 1, and the primer sequences are listed in Table 2. 

The DNA sequences are aligned with the known sequence (Figure 2A) 
using the program Sequencher (Gene Codes. Michigan) to identify any discrepancies 
between patient samples and the reference sequence. 
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I able 1 PCR and sequence primers 



Fragment 


Primers Nested on cDNA 
1st PCR 2nd PCR 


Coordinates 


Sequence primers 


I 


5EC, J 


5 EN, L 


2947-5065 


SEN. L, M, N, O, P, Q. R 


II 


5ED, P 


SEE. B 


1379-3391 


SEE, 5EJ, 5EK, 5EL. 5EM. 
5EB, 5EA. SEN. B 


III 


5ES, 5EK 


SET, 5EH 


75-1516 


SET, 5EX,5E1.5EP,5EO. 
5ED. 5EH 



I abie 1 Primer sequences 



15 



20 



30 



L 
M 
N 

O 
P 

Q 
R 

5EA 
SEB 
SEC 
SED 
SEE 
5 EH 
SEJ 
5EK 
SE1 
5EK 
5 E K 
5EO 
SEP 
5ES 
SET 
SEX 



-CTTTATGAAGCCAATTTCTACCC 
-TTGCCTAGTGCAATTGGTCTCC 
-CCTATTTAATGGCACCCAAAATGC 
-CAGTCTATGGCCATCACATACTC 
-ACCGCTTGGGATAAGTGCATGC 
-GAGAAGAAGTCTAACTTGGAGAAG 
-TTCTGGTGACTGTACCATGATAC 
-CCAAAGGAAGTGATACCAGCAAG 
-ACAGCAAGAAACATAATTGTTCTGG 
-GAACTTTGAAGTCCATCACGACC 
- GC ATT A AT AAAGCTG AC ATT CGCC 
-CATTACGGTGCTCCTAAGGACATG 
- 3ATGGATTTGAAGATGGAGTAGAAG 
-TGAAAGAGAATATGGAAAGAGCTTG 
-GATTGGGAGATAAATGCTCAGTAGA 
-AGATGTACTTTGGCCATTCCAG 
-G ZC AT GAG AG C AAO ATT AT CT Z 

-CTTACTGCTACTGCAAGTTCTTC 

-TCGATCAAAACCAGTACAGGTG 

-3CAGATGTAGGAGACAAATCATC 

-TCATCCAAAATCTCTAAATTTCGG 

-CTGAGGACCAGAAACTGTATGC 

- GC T G ATTT GGTGTCT AG CCTGG 

-TGCCTGGGTTGCAGGCCTGC 

- T T G G A A A C A A C T G vanra r; r 



(SEQ ID No. 2) 
(SEQIDNo. 10) 
(SEQ ID No. 12) 
(SEQIDNo. 13) 
(SEQ ID No. 14) 
(SEQ ID No. 15) 
(SEQ ID No. 16) 
(SEQ ID No. 17) 
(SEQ ID No. 18) 
(SEQ ID No. 19) 
(SEQ ID No. 20) 
(SEQ ID No. 21) 
(SEQ ID No. 22) 
(SEQ ID No. 23 ) 
(SEQIDNo. 80) 
(SEQIDNo. 8h 
(SEQIDNo. 82) 
(SEQIDNo 83) 
(SEQ ID No. 84 ) 
(SEQ ID No. 85 ) 
(SEQ ID No. 86) 
(SEQ ID No. 87) 
(SEQIDNo. 88) 
(SEQ ID No. 89) 
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FXAMPLF 6 

Isolation of Genomic DNA Containing Werner's Syndrome Gene 

To facilitate mutational analysis of the WRN gene, the intron-exon 
structure is determined. The WRN gene is located in the genomic sequence of PI clone 
2934. However, this clone only contains the 3' end of the gene (exons 21 to 35). 
Genomic clones containing the 5' end are obtained from a chromosome 8-speciflc 
cosmid library LA08NC01 (Wood et al. Cytogenct. Cell Genet. 59: ?.4t, 1992} by 
screening for clones adjacent lu Fi cione 2934 hinetly, this library is arrayed for PGR 
screening as described in Amemiya et al. {Nucl. Acids Res. 20: 2559, 1992). WRN 
containing cosmids are identified using primer sets 5R6/5EY, 5ED/5E12, and CD- 
A/CD-B (Table 3), which are derived from the WRN cDNA sequence (Figure 1; 
GenBank Accession No. L76937). Four walking steps yielded cosmids 193B5. 1 14D2, 
78D8 and 194C3, which contained the remaining exons. Primers derived from the 
WRN cDNA were used for the initial sequence analysis of the cosmid clones. The 
resulting sequence (Figure 5) is compared to the cDNA sequence to identify intron-exon 
boundaries. Sequencing primers are then designed from the intron sequences to obtain 
sequence in the reverse direction and to obtain the second boundary defining the intron- 
exon junction. This strategy is used to define the exons not present in PI clone 2934. 

Table 3 Primer sequence and PGR conditions for WRN analysis 

Region Primer Sequence Produci Mb* 2 

Size (bp; inM) 

N-domam b£6 5 -GATATTGTTT'3'AT TTACCCAT^AAGAC f .ll\. IuN: \>\« 15 > 

5E>" c ' ■Tr.r.GCTiV.TGTnCAGTTGTTTr: SFQ !l \: : . 



WO 97/24435 



PCT7US96/2078S 



50 



The annealing temperature was 60° C for all primer sets. 

Table 4 presents a summary of the structure of the genomic WRN gene. 
The first column identifies the exon, the second column indicates the base numbers of 
the cDNA that are derived from the exon, the third column denotes the size of the exon 
in bp, the fourth column shows the sequence of the boundaries with intron sequences in 
lower case letters and exon sequences in upper case letters, the fifth column shows 
notable features of the exons. 

fable 4. Intron-hxon Structure of the WRN Gene 



£ xon cDNA Exon Intron- Exon Boundary Sequences Exon features 

Location Size 
(bp) 

1 1-lbb >155 . . .TTCTCGGGgtaaagtgtc S'UTR 

CSEO ID Nc. 169; 

? 156-327 1/2 lacclctCdyTTTTCTTT . . AAAGAAAGgtatqttgtt 5'UTR. ATG cccon 

(SEQ ID Nc. 170) 

3 328-440 113 taaactcaacGCATGTCT . . . .GATATTAGgtaagtgatt 

(SEQ ID No. 171) 

4 441-586 146 ctcactttagCATGAGTC . . :.ATGlCAGgt.tggtatc: 

(SEQ ID No. 172) 

b 567-735 149 aatgttacagTTTTTCCC . . ATAAAAA.Ggtaaaagcaa 

(SEQ ID No. 173) 

t 736-885 15J tcatttctagCFGAAAiG. . ATGCT'A 1 qtacg:ncr : 

(3E0 ID No. 17.;) 

886-955 70 j rmtai.dqGrTGGT" V*AIAAAGg:.a:qt.taaq 

(SEQ ID No. 175) 

8 956-1070 115 ttccccctaqAGGAAGAA . . . CCACGGAGgttaaatatt 

(SEQ ID No. 176) 

c ) 1071 - 430 ttttttttagGGTTTCTA CTAC'GAGqtartaaaat 

1500 (SE0 ID No. 177) 

10 1501- 81 tt^u^anCATTTATf ^^TAAG'.:aMf + + - r ' - • • 
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S 1 



Ekoc 



l ~iC at ' ! on 



2 1 79 

(bp) 



I ntrorvExcr bOJ r .aa r v Sequences 



_xon Features 



1 3 
14 
lb 
16 
17 
18 
19 

;o 



25 
.?6 



1 808- 

:hb3 

1384- 
1951 

!%2- 



::3o- 



.212- 

:3i'j 

2320- 
2'304 

2505- 

2680- 
2361 

2362- 
2963 

2964 
J056 

3198 

3199- 

'370- 

:4c lV 
:540 

2614 

2615- 
on 



66 

109 

69 

fi3 

10/ 

18b 

175 

1R? 

102 

93 

14/ 

171 



74 



t.tdtttxcagACTTTTG. 
(SEQ 1 15 No 181 ) 

caccttcaagAG'TCAGT 
CSF0 ID No 182) 

t.catttcaagGATATGGA. 
(SFG 10 Ho. 183) 

cr.tcttatdgAATGTCCA. 
( 3 EG ID No 184) 

n t 1 1 1 1 a c a q AGGTAAAT 

ttttttacagGTATCACG. 
(GEO ID No. 186) 

catcattcagGTTCCAAT. 
(SEQ ID No. 13/) 

t.tttctttagTTCCSAST. 
( SEQ in No 188) 

1 1 g 1 1 c t c ag TGTGT2 AT . 
i SEQ ID No. 139) 

taatcgacaqGGAGCTTC . 
(SEQ ID No. 190} 



TcttgggtagAATCATCT . 
(SLO ID No. 191' 

t fttatttaqATTGGATC 
i SEQ ID No. 192 i 

■: taatttcagAA'TCTCA 

MO K) No 192 - 



TTTAAAGGgt.cagtataa 



. GGC AAG TGq t a a q 1 1 q t a Mo i i c a g e mc 1 1 f I 

. CAGCTTAAqtcagtcaTg helicase mot it 1 
;3' end; arc la 



. ATTAAATTgtgagtaatt 



. TGCCAA TGo T a aq c 1 1 1 n n - M k: a p to t i f 
II 

. AAAACAAGgtaaggattt helicase motif 



. AAATTCAGgtatgaggat no h case mot it 
IV 

ITAAATAGyiaaaad.-idri he ii case motif: 
V a no V I 

. AGGAGACAqtatgtatta 



. AGGTCCAGgtaaaqattr. 



.GAGGATCTqtaagtatat 



CG AAAAAGa t a a a c act q 



i - : r.r.iHt agGG-AGAAA f"GCCTA(iut. t./.cit. 1 1 1 : 
■ 11 j 12 No. 194; 

t KtttttaqTTCGAAAA 
: SEQ ID Nc. 19: : 

ttaaatgcacTGTAACH 
■'SEQ ID Nc. 19t2 



AGAAGAAGqtttgtttta 



AAAAAAAGg t a c a g a g t t 



aa t a t ttt acTATCATGG AGA-SFCAGq t aa sac 1 1 , 
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Lxcr, cDNA txon Intron-Exon Boundary Sequences {- xcr Peai-jre^ 

Location Size 
(bp) 





3919- 
4050 


132 


aattctgtagACAGACCT. . 
(SEQ ID No. 200) 


. . TGCC^TGgtaagtgtga 


33 


4051- 
4313 


163 


ctttctctagAAGAGCAT. . 
(5E0 ID No. 201) 


. .CAACTCAGgtgagaggca 


34 


4214- 

A A TO 


209 


tcgtttacaqATATGAGT. . 
i 5LQ ID No. 202) 


.ATACTGAGgtattaattc 


3b 


4423- 
5190 


/68 


tttcctacagACTTCATC, . 
(SEO ID No. 203) 


TAA codon.3"JTR 


Note, 


P vnnc org 


m u^/p^^t aim luuuii sequences are in lowercase letters. 



As shown above, WRN contains a total of 35 exons ranging in size from 
68 bp (exon 14) to 768 bp (exon 35). The coding region begins in the second exon 
5 (Table 2). As noted previously, there is a duplicated region in the WRN cDNA 
sequence which is 27 amino acids in length. This duplication is exactly conserved at 

the nucleotide Irv^I in i-nx:A At « i i i 

iW /-vi ^vnvjiiu^ icvcj, me uupucaicu sequences were 

present as 2 exons (exons 10 and 11), each exon containing only the duplicated 
nucleotides. The intronic sequences adjacent to these 2 exons are also highly 
10 conserved, suggesting that the a relatively recent duplication event is responsible for 
these repeated exons. In addition, because the surrounding intronic sequences were 
conserved, it was not possible to design primers which could specifically amplify exons 
10 and 11. 

The helicase region of the WRN gene is contained in exons 14-21. 
1^ Helicase motif 1 is split between exons 14 and 15 while the remaining motifs are each 
in an individual exon (Table 4). This region, from codon 569 to 859, has sequence 
similarity to the 7 signature helicase motifs. In addition, though the sequences between 
the motifs are not conserved, the spacing is very similar in genes from a wide range of 
species. For example, the helicase domains in the E. coli RecQ gene are found in a 
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EXAMPLE 7 
Identification of Mutations 
Initially, 4 different mutations in the C-terminal domain of IV RN were 
identified. These mutations accounted for more than 80% of the Japanese WS patients 
examined. All 4 mutations are in the C-terminal domain region of WRX and the 
resulting predicted protein contained an intact helicase domain. Additional WS subjects 
are screened to identify further mutations. Genomic structure information is used to 
design PCR-primers for amplifying each exon. which is then subjected to DNA 
sequence analysis. Five additional WRN mutations are described; 2 are located in the 
consensus helicase motifs and anoiiici 2 are predicted to produce truncated proteins 
without the helicase domains These mutations suggest that in at least some WS 
subjects, the enzymatic helicase activity is destroyed and support that complete loss-ot- 
function of WRN gene product causes Werner's syndrome. 

Although any cell may be used to isolate DNA, PBMC are preferred. As 
5 above. PBMC are obtained by venipuncture and subsequent hypotonic lysis of 
erythrocytes. PBMC are lysed by the addition of detergent, such as 0.5% NP-40, 0.5% 
Triton-XlOO, or 0.5% SDS. If a non-ionic detergent is used, no further purification of 
DNA is necessary, but proteinase K. treatment, and subsequent heat killing of the 
enzyme (95°C for 10 minutes) is required. Genomic DNA is amplified according to the 
0 PCR conditions recited above using the primers listed in Table 5. Hxons 9 and 10 are 
contained in a region of DNA that is duplicated. The primer pair for exon 9 and 10 
anneals to sequences outside the duplication. Amplified product is analyzed by DNA 
sequence determination, hybridization with allele-specific probe, or other mutation 
detection method. When DNA sequences are determined, the sequence of the amplified 
5 exon is aligned with the known sequence (Figure 2A) and any discrepancies between 
patient samples and the reference sequence are identified. 
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Table 5 



PCR 

Fragment 



Primer Sequence 



Product 
Size (hp) 



Mg + ' 
(mMi 



pH 



exon 1 



exon 2 



A V -AGGGGCTCCACG0ATGAGG2 
(SEQ ID No. 92) 
B 5' -AGTCTGTTHCCAGAATCTCtC 
(SEQ ID No. 93) 

A b ' -CCTATGCT7GGACC I AGulGTC 
(SEQ ID No. 94) 

B 5' -GAAGT T TACAAGTAACAACIGACJC 



58: 



22 c : 



8 3 



exon j 



exon & 



exon 



excn d 



r *: :■;< 



exon 8 



A 5' -ACTATAAATTGAATGCTTCAGTGAAC 
( :FC ID No. 96) 
B 5* -GAACACACCTCACGTGTAAAACTC 
(SLU JD No. 97; 

E 5 ' -GGTAAACCACCATACCTGGCC 
(SEQ ID No. 93) 

f 5" -g t acatatc:tggtcatttagcc 

(LEQ ID No. 99) 

B 5' -atcagatagaaagtacattctgtc 

CEQ ID No 100) 

E 5' -gttaagaaatactcaaggtcaatgtg 

(SEQ ID No. 101) 

A 5" - GGTTGTATTTTGGTATAAC ATTTf.C 
(SEQ ID No. 102) 
8 5' -ATATTTTGGTAGAGT'TCTGCCAC 
(SEQ ID No. 102) 

A b' - STCTTCGATTTTTC T G>\AGAIGGG 

; GEO ID No 104 ; 

E J 5 ' - G CC 1 AA T AGT C AGG AG T GT T C AG 

; >lo in N: • :os. 

A 5" -GGAAAGAAAA'GAAAATTTGATCCC 
I SEQ ID No. 106) 
3 5 ' -CAGCGTTAATGAATAGTATTCTTCAC 
«SEC ID No. 107) 



316 



691 



369 



374 



316 



1.5 



4.0 



6.3 



S 3 



exon 9 



-AT iGAXi i ; : AAGTGAAGGlLAGl 
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PCR 

Fragment 



Primer Sequence 



Product Mg " pH 
Size (bp) imM) 



CLQ ID No. Ill) 



exor. i. 



A 6" -TAACCCA T GG:AGCLiiCACTG 
CEO ID No. il?) 
B 5 ' -CTGTTGCTGTTAAGCAGACAGG 
CEG ID No 113) 



285 



e.xnn 14 C 5 ' -T7GAATGGGACATTGG7CAAATGG 

CEO ID No. 114) 
r 5' -GTAGTTGCATTTGTATTTTGAGAGT 
CEO ID No 115) 



348 



excr . ~ 



tq 

5 ' 

tq 



GTAAAAAGAAATGAAAGCATf AAAHH 
ID No. 115) 

• T C AC C G AC A G AAG AAAAAA A G AGG 
ID No. 117) 



exor. 16 



5' CAAAAAAGAAAATTGCAAAGAACAGG 
TO ID No. 11B) 

5' -CAGCAACATGTAATTCACCCACG 
TQ ID No. 119) 



262 



a n 



(TQ ID No. 120) 

5 - ATAGAGT ATCATGGGAT AAGA T AGG 

CEO ID No. 121) 



B 3 



e.xon 13 A 5 ' - 1 TCTCCTTTGGAGATG T AGATGAG 

r'.FQ ID No. 12?) 
P E' -TCTTCAGCTTCTTTACCAGiCGGCA 
-"TO ID Mo. 122) 



273 



4 0 



10 



exon 19 



A b ' - CATGGTGTTTGACAACAGGATGG 
: Tj ID No. 1LV.; 
i- -GTTAAArATGCA"AGAAGGAAAICi 
( TO ID No 125' 



396 



4 0 



exG o 2C - 5' - A7AAAACCAAACGGGCTGAAG r 

( TO ID No. 126) 
B 5 ' - AAAAGAAG ; A 7 T 0 AA T AAAG AT C T GG 
CEG ID No. 12/) 



a 5 ' - AA T T CC Ad TGT G2 2 AGGGA C T 
-.GEO 10 No 128) 

n r ■ . £ C TT ^7r ; A T A ~ T ~ " A A A ^ A ^ " ~ T 
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PCR 

Fraement 



Primer Sequence 



Product 
Size (bp) 



fmM) 



pH 



exon 2. 



A ^ ' -CTGAAGTCAAATAATGAAGTCCCA 
(SEO ID No. 132) 
B 5' -GITTGCTTTCTTATAIG I AAACACA 
(IE0 10 No 133) 



4 C 



exon 24 A 5' -CT7GTGAGAGGCCTATAAACTGG 

CtQ ID No. 134) 
B 5' -GG r AAACAG7GTAGGAGTCTGC 
(5.EQ 10 Mo. 135) 



h7 



exon 25 C 5 ' -GC T TGAAGGATGAGGGTCTGAG 

torn Try Mo. 135) 
0 5' -'GTTCAGAATGAGCACGATGGG 
r.EO ID No. 13 7 ) 

exon 26 A 5' -CTTGTGAGAGGCCTATAAACTGG 

CGEQ ID No. 138) 
B 5' -GGTAAACAGTGTAGGAGTCTGC 
C"EQ ID No. 139) 

exon 2/ A 5' -GCCATTTTCTCTTTAATTGGAAAGG 

( IEQ 10 No. 140) 
B 5" -ATCTTATTCATCTTTr.TGAGAATGG 
(GEO ID No. 141) 



461 



?67 



274 



1 . $ 



8 3 



exon 73 A 5' -TGAAATAGCCCAACA1 CTGACAG 

CSFQ ID No. 142) 
B b' - GA FT AA T T TGACAGCT T GA T T A3GC 
< r >E0 ID No 143: 



291 



8.3 



exon 29 A 5' -7GAAATATAAACTCAGAGTCT7AGC 

' :L0 ID No. 144 : 

5' -GTACTGAT'TGAAAGACAi T.T. 
;.;LG ID No. 145' 



303 



8 3 



exon j; 



A 5 -GA7GTGACAGTGGAAG2TATGG 
( r ; r C ID No 146' 
R 5* ■ GGAAAAA TG T GG 7 AT C TGAAGC TC 
vSEG ID No 147; 



exon 3' 



A 5' -AAGTGAGCAAATGTTGCTTCTGG 
(3E0 ID No 

5 f/ - TCATTAGG.AA jCTGAAC ATCAGC 
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PCR 

Fragment 



Primer Sequence 



Product Mg* pH 
Size (bp) (mM) 



exon 32 



exon 34 



exon 



A 5' -~AMGGA77AA T GCTG7TAACAG7G 
CSLQ ID Nc. 152) 
B 5' - 7 C AC AC 7 G A G C A 7 T T A C T AG C T G 
(GEO ID Nc. 153) 

C 5' GCAAAGGAAATG7AGCACA 1 AGAG 
CSEO ID No 154} 



D 5 ' - AGGCTATAGGCAT 
(GEO ID No 155; 



"THAAACA 



mutation 7 



DJG RT-PC^ 



P2934AT1 



A S' -GTAGGCTCCCAGAAGACCCAG 
(GEQ ID No. 156) 
B 5' -GAAAGGATGGGTGTGTATTCATiG 
CiEC ID No 15/) 

Gj A 5" -ACAGGCCATAG7TTGCCAACCC 
(SEG ID No 158) 

Gl- D 5' - IGGTAf TAGAATTTCCCTTTCTTCC 
(SFO ID No 159) 

SEE 5 ' -TGAAAGAGAATATGGAAAGAGGCTTG 
( iEQ ID No. 160) 
E 5 ' ■ C777A7GAAGCCAAT RCTACCC 
(SEO ID No. 161) 

A 5' -TCAAAATCAGTCGCCTCATCCC 
(SEO ID Nc. 162) 
B 5' -CAATGTATCAGTCAGGGT7CACC 
(SEO ID No. 163) 



360 



491 



4C6 



426 



2002 



168 



1 5 



1.5 3 3 



9.0 



8 3 



The annealing temperature was 60 n C for all primer sets. 

Mutations are detected by amplifying WR.\ exons from genomic DNA 
5 and directly cycle-sequencing the PCR products by dye-terminator cycle sequencing 
(Perkin Elmer) and an ABI373 automated DNA sequencer. Prior to sequencing, the 
PCR-amplified exon fragments were purified using a QIAquick 8 PCR purification kit 
(Qiagen). The resulting sequences arc aligned by FAST A analysis (GCG). Nucleotide 
differences between WS and controls are subsequently confirmed by sequencing the 
1 0 reverse strand 



consequences o: spi'.ce-iuncticri mutaticr: 



RT-PCK products were syntnesizeu Irom 
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mRNA isolated from lymphobiastoid cell lines (Qiagen OHgotex. Qiagen). The large 
genormc deletion was detected in genomic DNA using long-range PCR (Expand Long 
Template PCR System, Boehringer Mannheim). 

Diagnostic Criteria. WS patients were from an International Registry 
5 of Werner's Syndrome subjects. Diagnostic criteria are based on the following signs 
and symptoms (Nakura et al. 1994). Cardinal signs arc: 1) bilateral cataracts; 2) 
characteristic dermatological pathology (tight skin, atrophic skin, pigmentary 
alterations, ulceration, hyperkeratosis, regional subcutaneous atrophy) and characteristic 
facies ("bird" facies); 3) short stature; 4) paternal consanguinity (3rd cousin or creator ) 

10 or affected sibling; 5) premature greying and/or thinning of scalp hair: 6) positive 24- 
hour urinary hyaluronic acid test, when available). Further criteria are: 1) diabetes 
melhrus; 2) hypogonadism (secondary sexual underdevelopment, diminished fertility, 
testicular or ovarian atrophy); 3) osteoporosis; 4) osteosclerosis of distal phalanges of 
fingers and/or toes (X-ray diagnosis); 5) soft tissue calcification; 6) evidence of 

15 premature atherosclerosis (e.e. historv of mvnMrHi»i ;„<Wt;„~v n\ 1 . 

neoplasms, rare neoplasms or multiple neoplasms; 8) voice changes (high pitched, 
squeaky or hoarse voice): 9) flat feet. Diagnostic classifications arc as follows: 
"Definite", all cardinal signs (#6 when available) and any 2 others; "Probable", the first 
3 cardinal signs and any 2 others; "Possible", cither cataracts or dermatological 

20 alterations and any 4 others; "Excluded", onset of signs and symptoms before 
adolescence (except short stature since current data on pre-adoiescent growth patterns is 
inadequate) or a negative hyaluronic acid test. Family designations are as previously 
used (Nakura et al. 1994; Goddard et al. 1996; Yu et ai. 1996). 

Mutations in WS Subjects. Initial screening of the WRN gene was 

25 based on sequence from only the 3' end of the gene (exons 23-35). Thus the first 4 
mutations (designated 1-4, Table 3 ) were in the region v to the hel.case domains. In 
this mutation screening, primers amplify exons 2 35 along with approximately SO bp of 



;recnea Ior mutation!-. '>.ese subject were selected hassJ en haoiorvne anaiv 
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suggesied that each subject might have a different mutation (Yu et al 1994; Goddard et 
al. 1996). A total of 30 Japanese and 36 Caucasian subjects were ultimately screened 
for each mutation by DNA sequence analysis of the appropriate exon. 

Table 6. Summary of WRN Mutations 



Mutation Codon Exon Type of Nucleotide Sequence Comment Predicted 

Mutation Protein 

Length 

none 1432 

! ! 165 30 substitution CAG (Gin) to T A G uun^cnic i i64 

(terminator) 

2 1305 33 substitution CGA (Arg) to TGA nonsense 1034 

(terminator) 

3 1230 32 4 bp gtag-ACAG to gt- 4 bp deletion at 1247 

deletion AG splice-donor 

site 

4 1047- 24 substitution tag-GGT to Uic-GGT substitution at 1060 
1078 splice-donor 

site 

5 369 9 substitution CGA (Arg) to TGA nonsense 368 

(terminator) 

6 889 22 substitution CGA (Arg) to TGA nonsense 888 

(terminator) 

7 759- 20 substitution CAG-gta to CAG-tta substitutional 760 
8 16 spiice-rcceptor 

site 

8 389 9 1 bp AGAG {Arg) to frame-shift ^ i 

deletion GAG (Glu) 

o 697- 19- deletion - genomic 1186 

942 23 ( > 15 kb) deletion 
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Table 7. 

Mutation Status of WS Subjects 1 



Mutation 


Japanese WS Subjects 


Non- Japanese 


WS Subjects j 




Homozygous 


Heterozygous 


Homozygous 


Heterozygous 


i 


SY 








-> 


HH , HM \ MH , 




GAR" 




3 






SYR 1 




1 

4 


FJ D , FUW D , HA 1 , 
HW D . IU D , JO! u 
J02 u , KAKU". 
KY'\ MCI D 
MIE2 1 . SK D , ST°, 
TH', TK W , TO D . 
ZM D 78-85'. 








5 


KO l> . OW ? 


KUN 1 


EKL n . AG0780 1 , 
AG4103 M 


DJG P , CP3', NF M 


6 






CTA° 


SUG1 P 


j 


WKH U 








8 








FES 1 


0 








DJG 1 *, SUG1 P 



5 1 The diagnostic classification is as previously described (Nakura et al 1994) 

Diagnosis categories: D Definite; ? Probable; M Possible; 1 Insufficient data. The country of ongin (ethnic 
group) of non-Japanese subjects are AG00780, USA (Caucasian); AG04 1CP. I ISA (Caucasian V. CTA 
England (India, East African. Asian); CP3. France (Caucasian); DJG, Germany (German). EKL. 
Switzerland (German); FES. Germany (German); NF, France (Caucasian). SUG. USA (Caucasian); SYR 

0 Syria ( Syrian i. AG04103 and AG0O780 were obtained as celt lines from the Aging Cell Repository 
{Camden, New Jersey). 

Five new WS mutations were detected in the W r RN gene (designated 5-9. 
Table 6i. Two of the mutations (5 and 6) were single base substitutions creatine 
5 nonsense codons. Mutation 5 results in a C->T transition changing an Arg to a 



v aa^M^M -uhice;-, -a ere homozygous, and \ Japanese ar..; + L aacUoiai;^ v. ere 
heterozygous for this mutation (Tabic 7 I. Mutation h :s also a C— *"l transitu):] ertar.gim: 
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an Are to a nonsense codon. One Caucasian WS subject was homozygous for this 
mutation, and a second was a compound heterozygotc The predicted protein product is 
888 amino acids. A third substitution mutation (mutation 7) was a G->T change at a 
splice-receptor site, generating a truncated mRNA devoid of exon 20 and a prematurely 
5 terminated WRN protein at amino acid 760. A single Japanese WS subject was 
homozygous for this mutation. 

Two deletions were observed. One (mutation 8) is a 1 bp deletion at 
codon 389 resulting in a frame shift and a predicted truncated protein 391 amino acids 
long. This mutation is found in one Caucasian patient as a heterozygotc. The second 

10 (mutation 9) is a muui larger deletion. This deletion was lirst observed in RT-PCR 
experiments when 2 different RT-PCR products were obtained from RNA prepared 
from subject DJG. RT-PCR products produced by primers SEE and B ( Table 5 ) yielded 
2 different products, one with the expected size of 2009 bp, and a second, shorter 
product approximately 700 bp smaller. The DNA sequence of the shorter product 

15 revealed that exons 19 through 23 were missing. To further establish the nature of this 
mutation, primers (exon 1 8A and exon 24A, Table 5) derived from the exons Hanking 
this potential gross deletion (exons 18 and 24) were used to amplify* genomic DNA 
from subject DJG using a long-range PCR protocol. A single 5 kb fragment was 
observed corresponding to the shorter RT-PCR product. (The normal fragment, which 

20 is estimated to be > 20 kb was not observed.) The complete DNA sequence of this 5 kb 
fragment was determined and contained the expected 3' and 5' ends of exons 1 8 and 24, 
respectively. The exonic sequences were separated by intromc sequences adjacent to 
the 3' and 5' end of exons 18 and 24, respectively. No sequences from exons 19-23 
were found in the 5 kb fragment. In other subjects and controls, the intromc sequence 

25 in the intron 3' to exon 18 contained 531 bp of unique sequence followed by a 24 1 bp 
Alu repeat element. Likewise, for the region 5' to exon 24, there is an Alu repeat 
element separated from exon 24 by 3.460 bp of unique sequence. The 4938 bp 

:ja-i:ir::utK'i: err^r at _ hnirm Homologous Alu elements within ;r.e WRN L'.er.e A 
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primer set, GD-A and GD-D (Table 5) was designed to specifically amplify a short 
fragment (426 bp) across this junction point. A single additional Caucasian WS patient, 
SUG, was shown to contain this genomic deletion. Further FCR amplification or the 
exons within this deleted region demonstrated that both DJG and SUG are heterozygous 
5 for this mutation. 

Origins of WRN Mutations. Because multiple subjects have the same 
mutation and because the same mutation was observed in different ethnic groups, at 
least some of the mutations likely originated in common founders. Evidence for a 
common founder was examined using 2 short tandem repeat polymorphisms (STRPs) 
!0 within the WRN gene. These STKJ^s, D8S2162 and p2934ATl, were isolated from the 
same PI clone (p2934) and are within 17.5 kb of each other. While D8S2162 is not 
particularly polymorphic (heterozygosity = 54% in Japanese and 70% in Caucasians) 
and is primarily a 2 allele system (140 and 142 bp alleles), p2934ATl is highly 
polymorphic (heterozygosity - 78% in both Japanese and Caucasian populations). For 
1 5 mutation 4, which has only been observed in Japanese subjects, all but 1 subject had the 
D8S2164/p2934ATl haplotype of 140-148 (Table 8). The single exception. J02, has 
the haplotype 140-150, with the p2934ATl allele being 2 bp different from the 148 bp 
allele observed in other subjects with mutation 4. This 2 bp difference may be the result 
of a 2bp mutation, as is commonly observed in dinucleotide repeat STRP loci (Weber 
20 and Wong, 1993). The haplotype data is consistent with a common Japanese founder 
and is consistent with the linkage disequilibrium observed in the same Japanese subjects 
for other markers in the WRN region (Yu et al. 1994; Goddard et al., 1996). For 
mutations 2 and 5, in the Japanese, the 896R1 8-p2934ATl haplotypes for me small 
number of available subjects, are consistent with common founders for each mutation. 
25 However, the non-Japanese subjects with mutations 2 and 5 have discordant p2934ATl 
genotypes when compared to Japanese subjects with the same mutations. These results 
do not support a common founder for both Japanese and non-Japanese subjects with 

^ i oiscorcam tor p2 ki 34ATl < e r. compare AG00780 io Kkl » It >h.>ulo he ruued that 
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absence of evidence for a common founder does not necessarily exclude the possibility 
of a single originating mutational event. Intragenic recombination and/or mutations 
creating new alleles at the 2 STRP loci could, over time, obscure the origins of the 
different WRN mutations. 
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Table 8. STRP Genotypes at the WRN gene 1 . 



Subject j Ethnic Group 


Mutation 


y896rl8 


p2934atl 


FJ. FUW, HA, HW, JOl, 
KAKU, KY, MIE2. TO 


Japanese 


4 


140/140 


148/148 


J02 


Japanese 


4 


140/140 


1 50/150 


S HM, MH, NN, 


Japanese 


"> 


140/140 


144/144 


GAR 


Hispanic 


"> 


140/140 


156/156 


OW. KO 


Japanese 


*> 1 HO/140 


1 A Q t 1 AO 
nu/ I to 


AG00780 


Caucasian 


5 | 142/142 


136/136 


EKL. AG04103 


Caucasian 


5 142/142 


128/128 


CP3 


Caucasian 


5/? 


142/150 


128/142 


KUN 


Japanese 


5/? 


140/142 


128/148 


DJG 


Caucasian 


5/9 


140/142 


128/del 2 



'Genotype data for HH, SK, ST, TH, TK, and ZM was not available For y896R18, 
5 alleles in bp (frequency for Caucasians, frequency for Japanese) were as follows: 136 
(0.030, 0.025); 138 (0.020, 0.010); 140 (0.460, 0.576); 142 (0.337. 0.359); 144 (0.084, 
0.010); 146 (0, 0.010); 148 (0.009, 0.010); 150 (0.059, 0). Forp2934ATl. alleles in bp 
(Caucasian frequency, Japanese frequency) were as follows: 114 (0.006, 0); 122 (0, 
0.009); 124 (0.011, 0); 128 (0.253, 0.079); 130 (0, 0.018); 132 (0.006, 0.009); 134 
10 (0.046,0.096); 136 (0.086,0.009); 138(0.011,0); 140 (0.034,0); 142 (0.052.0.035); 
144 (0.023, 0.061); 146 (0.023, 0.053); 148 (0.034, 0.132); 150 (0.034. 0.105); 152 
(0.057, 0.123); 154 (0.063, 0.088); 156 (0.086, 0.070); 158 (0.098. 0.070); 160 (0.046. 
0.018); 162 (0.029, 0.009); 166 (0, 0.009); 168 (0, 0.009). 

15 The 5 mutations identified here demonstrate that WS mutations are not 

restricted to the 3' end of the gene, but arc also found in other regions of WRN. In 
addition, mutations 5 and 7-9 each disrupt either pan or all of the hehcase region Thus 
the WS subjects homozygous for this mutation will completely lack the WRN helicase 

: :ooa:M\ reruns n; ^'inpietc :o>. ,>i ah aciivt:\ -.v. v.\m WR\ pmten. Hnv>c\c:. \\ v 
pnenotype in these subjects is not appreciably distinct trom tne WS pnenotype 
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generated by the other mutations described here. Thus, all mutations in the WS gene 
may be complete loss of function mutations. 

EXAMPLE 8 

5 Identification of Mouse WRN Gene 

The mouse WRN cDNA was isolated by screening a mouse splenocyte 
cDNA library at low strengency with human WRN cDNA as probe. The mouse cDNA 
sequence is presented in Figure 9. The homology between human and mouse WRN 
c ON A sequence is about 80%. On the amino acid le vel, the human and mouse WRN 

10 gene product show about 90% identity. Notably, the repeated exon in human WRN 
cDNA (exons 10 and 1 1) is only present once in mouse WRN cDNA. 

Genomic mouse WRN clone was isolated by using mouse WRN specific 
primers to screen mouse genomic BAC library. The genomic DNA sequence is 
presented in Figure 6. 

15 The genomic DNA sequence is presentd in Figure 7 and SEQ ID NOS: 

207-209. The DNA sequence is presented in Figure 6 and SEQ ID NOS; 205 and 206. 

EXAMPLE 9 
Localization of the WRN Gene Product 
20 A rabbit polyclonal antiserum raised to a peptide of WRN gene product 

is used in an indirect immunofluorescence assay to determine the intracellular 
localization of the WRN protein 

A rabbit polyclonal antiserum is raised to the peptide Phe-Pro-Giy-Ser- 
Glu-Glu-Ile-Cys-Ser-Ser.Ser-Lys.Arg (FPGSEEICSSSKR) (SEQ ID NO: 204) by 
25 standard methods (see Harlow and Lane, Antibodies, A Laboratory Manual. CSH Press, 
Cold Spring Harbor. 1989; Current Protocols in Immunology. Greene Publishing. 
1995V The peptide corresponds to residues 1?7S throuch P87 of the WRN 



<o ti\ec wnh V'o paraformaldehyde and permeahi Ii/ed tor 2 :n;n witn a butter containing 
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0.5% Triton X-100. 10 mM PIPES, pH 6.8, 50 mM NaCI, 300 mM sucrose, and 3 mM 
MgCl : (see for example, Fey et al.. J. Biol Chem. 9H\ 1973, 1984 ). The ceils are then 
stained for 20 min with a suitable dilution of the anti-peptide antibody (1:1500), 
washed, stained with a suitable second antibody (e.g., FITC-conjugated goat anti-rabbit 
5 antibody), washed, and mounted for visualization by giuorescence microscopy. Control 
stains include bis-benzimidine (Sigma, St. Louis. MO), which stains DNA. and 
phalloidin (Molecular Probes, OR, BODIPY 558/568 phalloidin), which stains 
filamentous actin. 

As seen in Figure 9, the WRN gene product is almost entirely located in 
10 the nucleus. Nuclear staining is readily noted in the epithelial cells at the bottom left in 
panel A. These ceils are close to the periphery of the expanding clone of human 
prostate epithelial cells. Cells that arc not rapidly dividing (e.g., cells closer to the 
center of the clone), such as those seen in the upper right of panel A, are stained in both 
the cytoplasm and nucleus. The location and size of the nuclei in these cells is shown 
15 by staining DNA with the intercalating dye bis-benzimidine (Hoeschst 33258). panel F>. 
The overall size of the cells and in some cases key cytoskeletal features are Tevealed by 
staining for F-actin as shown in panel C 

EXAMPLE 10 

20 Isolation ok a Protein that Binds to the WRN Gf.ne Product 

A yeast 2-hybrid interaction screen (Hollenberg et al., Xfol Cell Biol 13. 
3813, 1995) is used to identify and isolate a cellular protein that binds to the carboxy- 
termmal 443 amino acids (residues 990 through 1432) of the WRN gene product. 

A library of 1.1 x 106 independent cDNA clones generated from RNA 
25 isolated from stimulated human peripheral blood mononuclear cells is generated in 
pACT-2 (Clontech, Palo Alto, CA) that creates cDNA/GAF4 activation domain fusions 
is co-transfected into yeast containing pLEXA with the WRN gene fragment to generate 



ior n^ndine. t-" colonics grew on :h:s medium. Ut these. >M i were cured ot the pLF.XA 
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plasmid by growth on medium containing cycloheximide and mated with a yeast strain 
expressing a fusion of a ' sticky" laminin and the GAM activation domain. 19 clones 
did not activate the sticky protein and underwent DNA sequence analysis Of these, 6 
contained sequences that did not match any sequence in GenBank by BLAST search. 
Two other clones encoded carnitine palmitoyl transferase I and prolyl 4-hydroxylase B 
subunit. Six independent clones encoded a 70K. component of the Ul snRNP complex 
(GenBank Accession No. M22636). Moreover, all six derived from the RNA 
recognition motif region of the 70K protein. 

From the foregoing, it will be appreciated that, although specific 
embodiments of this invention have been described herein tor the pruposes or 
illustration, various modifications may be made without departing from the spirit and 
scope of the invention. Accordingly, the invention is not limited except by the 
appended claims. 
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Claims 

We claim: 

1 . An isolated nucleic acid molecule encoding a WRN gene product. 

2. An isolated nucleic acid molecule selected from the group consisting 



of: 



(a) an isolated nucleic acid molecule as set forth in the Figures or 
complementary sequence thereof; 

Co) an isolated nucleic acid molecule that specifically hybridizes to 
the nucleic acid molecule of (a) under conditions of high stringency; and 

(c) an isolated nucleic acid that encodes a WRN gene product. 

3. An expression vector, comprising a promoter operably linked to a 
nucleic acid molecule according to any one nf claims 1 or 2. 

4. The expression vector according to claim 3 wherein said promoter is 
selected from the group consisting of CMV IE promoter, SV40 early promoter and MuLV 
LTR. 

5. The expression vector according to claim 3 wherein said promoter is a 
tissue-specific promoter. 

6. A viral vector capable of directing the expression of a nucleic acid 
molecule according to claims 1 or 2. 



7. 



The viral vector according to claim 6 wherein said vector is selected 
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8. A host cell carrying a vector according to any one of claims 3 to 7. 

9. The host cell according to claim 8 wherein said cell is selected from 
the group consisting of human cell, dog cell, monkey cell, rat cell and mouse cell. 

10. An isolated protein comprising a WRN gene product. 

11. An antibody which specifically binds to the protein according to 

claim 10. 

12. The antibody according to claim 11 wherein said antibody is a 
monoclonal antibody. 

13. The antibody according to claim 1 1 wherein said antibody is selected 
from the group consisting of an Fab fragment, an Fv fragment and a single chain antibody. 

14. A hybridoma capable of producing an antibody according to claim 12. 

15. A nucleic acid probe which is capable of specifically hybridizing to a 
WRN gene under conditions of high stringency. 

16. A pair of primers capable of specifically amplifying all or a portion ol 
a nucleic acid molecule according to any one claims 1 or 2. 

17. A transgenic animal whose germ cells and somatic cells contain a 
WRN gene which is operably linked to a promoter effective for the expression of said gene, 
said gene being introduced into said mouse, or an ancestor of said mouse, at an embryonic 
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18. The transgenic animal according to claim 17 wherein the animal is 
selected from the group consisting of a mouse, a rat and a dog. 

19. The transgenic animal according to claim 17 wherein WRN is 
expressed from a vector according to any one of claims 3 to 7. 

20. An agonist of a WRN gene product. 



21 



An antagonist of a WRN gene product. 
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FIGURE 2A 
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FIGURE 2A (cont.) 
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FIGURE 25 
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FIGURE 3A 
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FIGURE 3B 
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FIGURE 3C 
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FIGURE 5A 
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FIGURE 5B 
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FIGURE 5C 
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FIGURE 5D 
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FIGURE 5E 
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FIGURE 5F 
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FIGURE 5G 
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FIGURE 5J 
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FIGURE 5L 
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FIGURE 5M 
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FIGURE 5N 
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FIGURE SO 




« AAC"-." 



>?AA7 J ZZZ 

IA "NAAAAT— a -acataactta 

"7A -TT^TwTrTT -xC^ATTAACG ACT AATAACT 

rAACw, T7Tr-«--r — -AGATAAT TT A"— — CAA—AACAG 

attactat 




zx a - ~~ - --t_a-.7a" aaacattttrc atttgtacca 7ccaacacaa 

aca"aaa:;a -"aataaa: zigaacaaaat ccaacacaca t—cat-ctt aacaggoaca 

ACTT-TCCGA3 ZZZZ^ZZZ"ZZ ZZZZ:,ZZ^ZZ ACCT Z AGAAG TTCSAAACZA jACT^CCAC 
TATGCTCAAA 77 777777 77 AC7AAAAA7A ZAAAAATT A Z ZZZZZZZTZZ 77^77777" 

AAAAAAAAAC AAAAAAAAAA ACAAAAC 



saasc 

5 i 9BC 

5 3040 

3 5210 

53340 

535:3 
S958Q 
39S4C 

55*60 
3 3 3;: 
53331 

■iocs: 
a ::; 
: : : 




29/77 



WO 97/24435 



PCTnJS96/20785 



FIGURE 5P 
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FIGURE 5Q 
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FIGURE 5R 
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FIGURE 5U 
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FIGURE 6 
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FIGURE 6 (CONT.) 
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FIGURE 6 (CONT.) 
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FIGURE 6 (CONT.) 
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FIGURE 6 (CONT.) 
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FIGURE 6 (CONT.) 
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FIGURE 6 (CONT.) 
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